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1ABSTRACT
The changes in growth, metabolic and digestive
functions of the red seabream, Chrysophrys major, in
response to exogenous hormone treatment, namely
testosterone, 17-B estradiol and triiodothyronine, and to
different diet compositions, containing different quantity
and quality of protein and carbohydrates, were studied.
Both testosterone and triiodothyronine significant-
ly increased the growth rate of the fish. They exerted
similar anabolic effects on the fish by enhancing appetite,
food and protein conversion efficiency digestive and
absorptive functions by stimulating the activities of
carbohydrase and protease enzymes and the production of
reducing power and energy for protein biosynthesis through
the increases in anabolic enzyme activities in the liver
such as the LDH, ICDH and G-6-Pase.
Estradiol depressed growth of the fish but induced
the production of the yolk precusor protein, vitellogenin,
from the fish liver. The extra production of reducing power
and energy for vitellogenin synthesis was provided by
increase in the activities of hepatic LDH and ICDH.
All three hormones were not effectively absorbed
through the gut.but were still able to cause significant
increase in respective blood hormone levels. The blood
levels of all three hormones took less than 24 hours to
return to basal-levels.
Fish fed with a higher percentage of protein had
2higher growth (50% vs. 30%) through the increase in protein
digestion, absorption and anabolism. The addition of corn
starch in the diet exerted prominent protein sparing effect
as evidenced by marked improvement in protein conversion
efficiency. However, the fish were unable to utilize dietary
cellulose (carboxymethylcellulose) and macroalgae as
nutrients because the fish intestinal cellulase activity was
too low to break down the cellulose and the cellulose cell
wall, respectively.
Based on these data, an overall improvement in the
economics and yield of culturing red seabream could be
achieved by (i) the addition of exogenous testosterone and
T in the diets and (ii) the addition of starch in the diet
3
to replace part of the expensive proteins. These methods are
suggested to be potential importance in improving the
present mariculture practice.
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In recent years, there is a marked decline in the
landing of marine fish in the coastal areas throughout the
world (Korringa, 1976). In many cases, this has been related
to overfishing and marine pollution (Clark, 1986). As a
result, the demand on marine fish culture to supplement the
dwindling fish supply becomes more and more important. Many
factors,, however, have to be considered in managing fish
culture. These include the choice of suitable sites, proper
division of labour, a good feeding schedule, suitable fish
diet, thorough understanding of the basic biology of the
fish cultured, the frequent monitoring of changes in
environmental factors and suitable remedies for any
unexpected events such as fish diseases, typhoon and toxic
algal blooms. Among these-factors, some of them have been
studied either in field conditions at the culture site or
more frequently in the laboratory. Although the common aim
of these studies is to learn how various factors influence
the maximization of fish growth, laboratory study is
preferred to. field study because the former allows us to
isolate and investigate one factor at a time while the
latter will no doubt involve the interaction of several
factors. The most common factors studied are temperature
(Woo Fung, 1980), salinity (Canagaratnam, 1959 MacLeod,
1977 Woo Fung, 1981 Wu Woo, 1983), diet composition
(Jauncey, 1982 Danulat, 1986), feeding level and feeding
frequency (Neuhaus et al., 1969) and the application of
2exogenous hormone (Simpson 1975/76 Yamazaki, 1976
Donaldson, et al., 1979 Higgs et al, 1982).
External hormone application and diet composition
are the two factors chosen in this study because of their
relevance to mariculture and their ease- in manipulation
under laboratory conditions. The experimental fish under
investigation is the red seabream, Chrysophrys major
(Temminck and Schlegel, 1842), belonging to the family
Sparidae within the order Perciformes. The fish is chosen
because it is an important food fish and is extensively
cultured. However, the knowledge of the biology, nutritional
requirements and external hormonal effects of this fish are
still very fragmentary (Sakaguchi et al., 1979 Ina et al.,
1979 Kitajima et al., 1979 Woo Fung, 1980 Woo Fung,
1981 a,b Woo Murat, 1981). A better understanding of all
these factors will assist fish culturists to improve the
management of the culture of the red seabream.
The use of exogenous hormones in enhancing fish
growth has been carried out for some time. Undoubtedly, many
hormones have anabolic effects on fish growth in fish
species such as the salmonids (Simpson, 1975/76 Higgs, et
al., 1977 a,b McBride Fagerlund, 1973), the carp,
Cyprinus carpio (Adelman, 1977), the grouper, Epinephelus
salmonides(Ch ua Deng, 1980) and the eel, Anguilla rostrata
(Degani and Gallagher, 1985). However, there is no
information of the possible anabolic effects of hormones on
the seabream. Some of the hormones are very effective as
3fish growth promoters .(effective in concentration as low as
a few mg per kilogram of food). They also have the merit
that they can be easily applied by mixing with the fish
feed, rendering it practical in fish culture business.
One of the thyroid hormones, triiodothyronine (T)
and two steriod hormones, namely 17 estradiol and
testosterone are chosen in this study. They are. investigated
because they have well established effect on fish growth
(Donaldson et al., 1979 Higgs et al., 1982). However, the
underlying mechanisms of their actions are still poorly
known. The present study, therefore, is concentrated on the
investigation- of hormonal effects on general metabolism and
digestive functions in the red seabream. Besides, in view of
the possible deleterious effects of the hormonal residue in
fish to human health, the absorption rate of the hormones
through the gut and their degradation rates in blood are
also studied.
The red seabream is a favourable object for diet
composition study because of their omnivorous feeding
nature. They have been reported to feed on a large variety
of food such as molluscs, crustacean (Korringa, 1976) fish
meat, commercial pellets and even seaweeds (Chung,
unpublished observation). Therefore, four artificial diets,
namely balanced control, cellulose rich, starch rich
and protein rich, respectively, are made and the fish are
fed with these diets so as to test the effects of different
diets on tissue metabolite concentrations and digestive
functions. The feasibility of using seaweed as a cheap
4protein alternative. in tnis isn is also evaluateu.
The results of this study may give us a better
understanding of the development of red seabream culture and
these hopefully can be applied to other fish species and
benefits the fish culture industry as a whole.
5CHAPTER 2 REVIEW OF THE LITERATURE
Part One: Effects of Steroid Hormones on Growth and
Metabolism of Fish
2.1.1 Steroid Hormones and Functionally Related Substances
2.1.1.1 Steroid hormones in teleost
The steroid hormones of vertebrates can be
classified into four groups according to their physiological
functions, namely, the androgens, estrogens, progestogens
and corticosteroids. Representatives of the four groups have
been identified in a number of fish and their physiological
functions in fish are found to be similar to mammals except
the progestogens, the function of which in fish is still
poorly known (Donaldson et al., 1979). Table 2.1 shows the
common name, systematic nomenclature, and structural
formulae of the steroid hormones and substances of related
functions.
a) Androgens or male sex hormones
Natural androgens are steroids of 19 carbon atoms,
derived from the 'precusor cholesterol. They are mainly
produced in the Leydig cells of the testes, some in sperms
and smaller amounts are also synthesized in the ovary and
the Corpuscles of Stannius (Idler Trusott, 1972).'The main
target tissues are those involved in the expression of male
sex functions and the hypothalamal center which controls
characters such as sexual behavior (Gorbman, 1983). In
Table 2.1 Steroid Hormones and Substances with Related Function
Common name Systematic nomenclature Structure
Androgens
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(Adapted from Donaldson et al.,1979)
9addition, many androgens have an anabolic or growth
promoting effect on the whole body. The most well known
androgen in fish is testosterone, which is shown to have an
important role in regulation of reproductive functions.
Other androgens like 11-ketotestosterone and adrenosterone
have also been extracted from the plasma of salmon (Idler et
al., 1960 1961 Schmidt Idler, 1962).
b) Estrogens or female sex hormones.
Estrogens are also derived from ..cholesterol,
containing 18 carbon atoms, and have a phenolic group at
position 3. They are exclusively produced by the ovary from
testosterone via a number of intermediary products (Idler,
1972). They are responsible for the development and
maintenance of the genital tract and the somatic sexual
chacteristics of the female. The three most important
estrogens found in fish are estradiol, estrone and estriol
(Idler, 1972).
c) Progestogens
Progestogens are 21 carbon steroids and.are also
.female sex hormones. They are produced by a number of
tissues of which the corpus luteum-of the ovary is most
important. The functions of progestogens in mammals are to
facilitate the implantation of the fertilized ovum and
continued maintenance of pregancy (Turner Bagnara, 1971).




Corticosteroids are also 21 carbon steroids and
are mainly produced by the interrenal gland of fish. These
compounds, of which cortisol is a notable representative,
have a variety of functions related to the maintenance of
normal body functions such as regulating carbohydrate,
protein and lipid metabolism, and the maintenance of body
fluids and electrolytes concentration. Corticosteroids do
not have significant anabolic effects (Idler, 1972), but
appear to be catabolic in at least some species.(Chan Woo,
1978).
2.1.1.2 Synthetic steroids
The above natural steroids are all derived from a
basic hydrocarbon cyclopentanophenanthrane nucleus. The
divergence of their physiological effects is attributed to
differences in spatial configuration of the molecules or the
differences in number and positions of the functional
groups. Therefore, by identifying and altering the structure
of the molecules, it is possible to retain or intensify
certain characters while suppressing, the others. A
notable example is l7-methyltestosterone (MT) which shows
a differept ratio of anabolic and androgeic effects on
fish than naturally occurring testosterone itself.
2.1.1.3 Non-steroids which possess steroid function
Some compounds do not possess the structure of the
steroids but mimic their physiological effects. A notable
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example is diethystilbestrol, which exerts stronger
estrogenic and anabolic effects than estrogens in some fish
species (Schreck Fowler, 1982).
2.1.2 The Effects of Steroid Hormones on Growth Processes
2.1.2.1. Androgens
In general, androgens-stimulate growth (anabolic
response) and concomitantly affect tissues that express the
male sexual characters in fish (androgenic- response).
Different androgens, because of their different structures,
have different ratios of anabolic to androgenic responses.
However, no anabolic steroid, either natural or synthetic,
has been found to be entirely devoid of sexual effects.
Early studies on the effects of androgens had used
guppy, Lebistes reticulatus (Scott, 1944 Clemens et al.,
1966) and platyfish, -Platypoecilus maculatus (Cohen, 1945)
as experimental animals, primarily because these species
could be easily kept in laboratory conditions. Later
studies, however, have turned to species with economical
importance- such as the salmonids (Simpson 1976 Higgs et
al., 1977 a,b), the carp, Cyprinus carpio (Adelman, 1977),
the. estuary.- grouper, Epinephelus salmonides (Chua Deng,
1980) and the eel Anguilla rostrata (Degani Gallagher,
1985).
So far, reports on the anabolic effects of
androgens and androgen analogues have been limited to eight
salmonids and seven nonsalmonid species. A review of these
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fish species has been given by Donaldson et al (1979). The
present review adds three more species to the list and this
is summarised in Table 2.2.
2.1.2.1.1 Factors affecting the efficacy of androgens on
fish growth
2.1.2.1.1.a Species sensitivity
It is possible that different species or even
different strains of the same species may show different
response to androgens. In fact, this is well demonstrated in
the studies of the effect of androgens on different strains
of salmonids (Donaldson et al., 1979 Higgs et al.,. 1982).
The genus Salmo has been extensively studied
because of its high economic value. In addition, promoting
growth of the juvenile Altantic salmon and rainbow trout may
reduce their normal freshwater residency period which could
save labour and food (Donaldson et al., 1979).
The review written by Donaldson et al. (1979)
showed that androgens, especially 170 -methyltestosterone.,
had prominent anabolic effects on the eight strains of
salmonids. However, the response of chinook, and steelhead
trout appeared to be less than that of coho salmon. In
chinook salmon, maximal increases in weight over controls
were 32 and 25% in this species after feeding MT-
supplemented diets for 56 (6ppm) and 112 (2ppm) days,
respectively (Fagerlund et al., 1980 unpublished: from
Higgs et al., 1982 Schreck Fowler, 1982). In the
Table 2.2 Studies of androgens on fish growth
Species Steroid
Length of
treatment (day) Dose of steroid
Final wt. gain or
loss as% of control Literature
1mn ct1
(Altantic salmon)
Ethylestrenol NR 2.5 mgkg Enhanced Simpson (1976)
Salmo trntta
(brown trout)







48 5 mgkg 0 Matty (1975)
30 1 mgkg + 12.8 Hirose Hibiya (1968)
60 3.5 mgkg + 33.3 Ince et ad. (1982)
Salmo aairdneri
(steelhead trout)
MT 285 1 mgkg + 47.5 Fagerlund McBride (1977)
S. aairdneri -irirl=n
(borai masu)












Testosterone 244 10 mgkg + 41.1 McBride Fagerlund (1976)
0. tstawvtscha
(chinook salmon)
MT 134 1 mgkg + 17.2 McBride Fagerlund (1973)
0. kp»+- a
(pink salmon)
MT 182 0.2 mgkg + 28.4 Fagerlund McBride (1977)
£3xassius auratus™ I rT. »_r_—
(goldfish) Testosterone propionate
29 0.5 mgkg +14.9 Hirose Hibiya (1968)
Methylandrostenediol 20-30 0.2 mgkg + 16.6 Hirose Hibiya
Igtalurus punctatus
(channel catfish)
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Muqil auratus
(mullet)
Testosterone NR 1000 mgkg -12.2 Bonnet (1970)
Cyprjnus carpio
(carp)








+ 43.4 Chua Teng (1980)
Anguiiia rostrata
(elvers)
MT 21 1 mgkg + 45 Degani Gallagher (1985)
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steelhead, however, there were a 49.b t ana 4/.o6 1l1C:LCdSC 111
weight over control when fed with 2.ppm testosterone for 56
days and 1 ppm for 112 days, respectively (Fagerlund
McBride,. 1977). These results contrasted with the much
stronger effects of MT on coho salmon (e.g. 92% after 126
days of 1 ppm hormone in diet: Fagerlund et al., 1980).
The reason for these differential responses could be
explained according to the statement of Braude (1976): if
all basic requirements for life are satisfied and the
interactions are at optimum, the chance of obtaining a
response from growth promoting substances is nil. In fact,
chinook salmon and steelhead trout without hormone treatment
grow more rapidly than the coho, suggesting that the
hormonal milieu of the former species are well tuned fox
rnwth and therefore further stimulation may be difficult.
2.1.2.1.1.b Choice of androgens
Thirteen androgens, both natural and synthetic,
have been used in fish culture studies. Since they have
different structures and it is not surprising that they
affect growth response and androgenic response of fish to a
different extent.
In one study on the effect of steroid hormones on
coho salmon growth, McBride Fagerlund (1976) found that MT
had higher anabolic effect (in terms of% -gain in weight
over control) than 11-ketotestosterone while 4-chlorotesto-
sterone acetate showed no anabolic effects. In another
experiment of the same work, it*was also found that MT was
more effective as an anabolic agent than testosterone and
oxymetholone.
Matty Lone (1979) and Lone Matty (1980,a,b)
administered diets supplemented with one of the eight
steroids for 60 days to the common carp and showed that the
order of magnitude of growth response was: ethylestrenol
oxandrolone adrenosterone dimethazine cyproterone
acetate 11-ketotestosterone testosterone trenbolone
acetate. The weight gains ranged from 135 to 0%.
2.1.2.1.1.c Route of administration
There are 4 possible routes for the administration
of steroids: (i) dissolution of hormone in aquarium water;
(ii) intramuscular (im) or intraperitoneal (ip) injection;
(iii) capsule or pellet implantation; (iv) oral administrat¬
ion.
Dissolution of hormones in water has very limited
application since most of the steroids have very low
solubility in water. Moreover, the fish integument,
especially the adult ones, may not be permeable to the
steroids. This, however, was not a problem in experiments
with guppies and platyfish (Eversole, 1941; Cohen, 1954),
since these fish readily accepted small pieces of steroid
pellets that were sprinkled on the water surface.
The injection technique, either intramuscular (im)
or intraperitonel (ip), has the advantage of bringing the
steroids rapidly into the body of the fish. It is a
favourable means of studying the short term and rather high
dosage effects on the- fish such as the studies of Ng et al.
(1984) and Tam et al (1983). However, by bringing the
hormone into circulation more rapidly, it may also be
metabolised and eliminated from the body at a faster rate.
In addition, it is not a practical method in large scale
fish culture in terms of the frequent stress on fish and
the large amount of money and labour required (Higgs et a_l.,
1982).
Pellet and capsule implantation methods eliminate
surges in plasma hormone levels (Pankhurst et al., 1986).
This method, however, suffers from the same impractical
problems as the injection method.
Oral administration appears to be the best method
in growth experiments. Hormones are easily applied by
spraying evenly onto the food and they have been shown to be
absorbed into the circulation in a gradual manner (Fagerlund
McBride, 1978; Milne Leatherland, 1980; Johnstone et
al., 1983). It is also the method which does least stress to
the fish and is the most economical among all method.
However, there is a possibility that the ingested hormone
will be metabolized or modified in the gut before
absorption.
2.1.2.1.1.d Dosage and length of treatment
The effective dosage of a hormone is the dose of
the hormone used and total time of treatment. Below a
critical dose, which varies with hormone, the short term
growth response is always positively dose-related (see the
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review by Higgs et al., 1982). Growth response(% gain in
weight over control) within this dose range will gradually
increase over longer periods (Fagerlund McBride, 1975).
When the dosage is above the critical level, short term
growth response may still be anabolic, but long term
response is often surpassed by fish receiving lower dosages
(Saunders et al., unpublished: from Higgs et al., 1982).
Sometimes, a dose higher than the critical dosage may induce
catabolic growth response. This phenomenon..is..shown in the
work of Yamazaki (1976). on goldfish. He found that while
food supplemented with 1 ppm and 10 ppm MT promoted growth,
food supplemented with 30 ppm MT produced lower growth rate
than control.
The reduction in growth rate with high hormone
doses is due to the pharmacological effect of the hormone
which results in interference with the normal metabolism in
some organs such as liver and kidney (Hirose Hibiya,
1968a Petersen et al.,1983). Severe degeneration of gonads
does not appear to bear any relationship-to the reduction-in
anabolic effects of androgens (Fagerlund McBride, 1975).
2.1.2.1.1.e Effect of environmental factors
Of the three basic environmental factors influenc-
ing the effect of hormones on fish growth, namely tempera-
ture,, salinity and photoperiod, only the first two have
received much attention.
Fish is poikilothermic so that its growth is
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highly susceptible to temperature changes. Fagerlund &
McBride (1977) had compared the growth rate of coho salmon
0 0
fed MT at 11.5 C and 16.5 C. After 9 weeks of treatment at
0
11.5 C. oral doses of 0.2 and 1 ppm induced a less than 10%
0
weight gain over the controls, but at 16.5 C the gains were
21 and 32.3%, respectively.
The administration of androgenic steroids may
interfere with the ability of the fish to adapt to changes
in water salinity. Fagerlund McBride (1975) found that
coho salmon receiving 10 ppm of MT orally showed an initial
decrease in growth rate when transferred to seawater which
resulted in weight loss. Mortalities also occurred in this
group. The same authors (Fagerlund McBride, 1974
unpublished observation: from Higgs et al., 1982) had also
observed that in.coho salmon smolts, if hormone treatment
was terminated several weeks before seawater transfer, those
which had received 5 ppm MT did not suffer adversely from
the transfer. From the two experiments, it can be concluded
that elevated androgen level during the.. time of seawater
transfer interferes with the animals osmotic balance, but
its effects can be avoided if androgen is withdrawn several
weeks before the transfer.
2.1.2.1.1.f Others
Others factors, both.abiotic and biotic, may also
influence the hormonal responses (Brett, 1979). These
include dietary composition (Ince et al., 1982), ration
level (Fagerlund et al., 1979), and some internal factors of
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the animals such as normal growth rate of the animals
(Degani Gallagher, 1985), and initial weight of the
animals (Cowey et al, 1973).
2.1.2.1.2 Effects of androgens on tissues ana noay
morphology
2.1.2.1.2.a Condition factors and smoltification
The condition factor a, which is a measure of
the relationship between weight and length, is often
b
expressed as a= W/L x 1000 where.W is the weight in grams,
L is the length in centimeters, and b is a factor which is
specific for each species. Many studies have demonstrated
that anabolic androgens do not affect growth in weight and
length proportionately, which result in changes in the
condition factor (Higgs et al., 1982).
Supplementing Atlantlic salmon diets with
.ethylestrenol (Simpson, 1976) or MT (Saunders et al., 1977)
and pink salmon diets with MT (Fagerlund McBride,. 1977),
the value of a has been observed to increase.
Testosterone, MT and two anti-androgens, flutamide and
cyproterone acetate, are without effects on the condition
factor of chinook salmon (McBride & Fagerlund, 1973 Schreck
Fowler, 1982). In contrast, testosterone and MT reduce the
condition factor of coho salmon relative to the controls
(Fagerlund McBride, 1975, 1977 McBride Fagerlund,
1976).
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During the smoltification process of coho salmon,
there is a decrease'in condition factor resulting in leaner
fish (Vanstone Markert, 1968. Clarke et al., 1978
Fagerlund et al., 1981). In a test with coho (Fagerlund et
al., 1980), the condition factors of the MT-treated fish
were lower than those. of controls after 4 months of hormone
treatment. The size of the hormone treated fish were also
alreadly optimal for release (Bilton, 1980 Bilton
Jenkinson, 1980). Therefore, they were expected to adapt
well to seawater condition. When they were transferred to
seawater several months earlier than normal, mortality was
low, but the growth rate of MT-treated fish was lower than
the small sized controls. Therefore, the use of androgens in
reducing seawater residency of salmon still meets
difficulty.
2.1.2.1.2.b Gonads
Exogenous androgens may alter the sex and affect
the development of the gonads of fish. However, the final
effect will depend on the effective dosage (page 20)-of the
hormone and the stages of differentiation of the gonads at
the time of hormone administration.
Among all the. androgens, 17-methyltestosterone is
found to have the most prominent androgenic effects on
gonads. However, the final results are always inconsistent.
It has been used in the work of Weber Lee (1985) to induce
spermatogenesis and spermiation in the male grey mullet. The
study demonstrated that immature male mullet would become
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mature in a short. time ti weeks Oi£ b uY .L a1
administration of 12.5 mg MT per kg fish daily. The work of
Olivereau Olivereau (1984) also obtained a stimulation of
spermatogenesis in silver eel treated with MT. On the other
hand, the studies of Borg (1981) and Borg et al. (1986) had
obtained opposite results. They showed that MT, dissolved in
water (35 ug/1), completely prevented the onset of
spermatogenesis in male three-spined sticklebacks.
Degeneration of testicular tissue of 7 month old coho salmon
treated with MT have also been reported by Yu et al (1979).
In 33% of fish which had been adminstered MT-(2.5 ppm) for
14 weeks, the testes were devoid of spermatogonia.*Further,
hypertrophy of the spermatic ducts and of the testicular
tunica were evident.
Sex-reversal of female fish using.MT at higher
effective dosage (page 20) is possible in some fish species.
Simpson (1976) was capable of causing sex-reversal in female
salmonids fed with 3 mg/kg MT for 90 days (beginning at the
first feeding). The-study by Yamazaki (1976) demonstrated
that the female zebra fish could easily be converted to
males by using effective dosage of MT from .1 to 100 ppm.
One important• application of androgens in fish
culture is the production of mono-sex fish. The suppression
of reproduction in cultured mono-sex fish can channel more
energy into.f ish growth. Schreck Fowler (1982) obtained a
population of chinook salmon with 70% males after treating
juvenile salmon with a 6 ppm MT supplemented diet for 22
weeks. A population of 90% male is obtained in the work of
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Macintosh et al. (1985) on treating wild-spawned tilapia try
with 30 ppm MT supplemented diet for 60 days. Solar et al.
(1984) were successful in producing 100% male rainbow trout
with low-MT doses (1, 3 and 9 mg/kg diet) administered to
wild fry for *60.days. It is noteworthy that all these
studies involved the use of sex-undifferentiated fry and
hormone administration were begun at the first feeding.
2.1.2.1.2.c Skin
The epithelial layer of salmon increases in
thickness during sexual maturation (Robertson Wexler,
1960). The hormonal basis for this increase has been
elucidated by Idler et al. (1961) and McBride Van
Overbeeke (1971).
In juvenile coho salmon, darkening of skin,
thickening of epidermis and decrease in descaling are
observed following oral administration of testosterone, 11-
ketotestosterone, and oxymetholone (McBride Fagerlund,
1976). The same response is also observed in the pink, masu,
coho salmon and in the steelhead trout fed with MT
(Yamazaki,'1972, 1976 McBride Fagerlund, 1973, 1976).
Tam et al. -(1983) have injected testosterone
(5mg/kg fish) to the red grouper and also discovered a
proliferation of cells in the epithelium superficial to the
pigment layer and scales, and the size of the mucous
epithelium has increased by about five to eight fold.
On the other hand, Schreck Fowler (1982) did not
find a difference in epidermal thickness of chinook salmon
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treated with MT or testosterone for 22 weeks. However, the
authors did- observe a darkening of skin and yellow
pigmentation in the fins of these fish.
2.1.2.1.2.d Bone and cartilage
The changes in external pigmentation are only the
first signs to appear in salmon receiving MT. Morphological
aberrations occur if the treatment is continued (Fagerlund
McBride, 1974 unpublished: from Donaldson et al., 1979).
These were conspicious in the head region. Notable changes
included an increase in the height of skull, protrusion of
the lower jaw to a point beyond the upper jaw and the
thickening the cartilage surrounding the lower jaw.
A general trend towards increased craniosomatic
index was observed in carp which had received MT for 90 days
in doses ranging from 2.5 to-10 ppm (Lone Matty, 1980a).
However, a decreased craniosomatic index was noted during
administration of 11-keto-testosterone for 60 days (Lone
Matty, 1981b).
2.1.2.1.2.e Liver, kidney and viscera
Anabolic steroids under certain conditions of
application may cause either hypertrophy (Ashby, 1957
Hirose Hibiya, 1968 McBride Van Overbeeke, 1971
Bulkley Swihart, 1973 Simpson 1976) or degeneration
(Hirose Hibiya, 1968a Fagerlund McBride, 1975
unpublished: from Higgs et al., 1982) of the liver and
kidney of fish. However, in recent studies on coho salmon
27
(Yu et al.. 1979) and. red grouper (,ram eL al., rya.))
testosterone have no effects on the size and the histology
of these organs.
In another study by Lone Matty (1980a), they
have made a thorough examination of organs of carp treated
with MT. They recorded a general decrease in hepatosomatic
index (HSI), an increase in viscerosomatic index (VSI) and
only a slight increase in renosomatic index (RSI). These
changes were generally sustained for 60 days after hormone
withdrawal. The authors suggested that the decrease in HSI
was caused by mobilization of liver fat to the muscle. This
speculation is supported by the simultaneous increase in
muscle lipid content and a decrease in hepatic lipid
deposition in these fish.
Yamazaki (1976) also observed an increase in the
pancreas size and VSI in masu salmon after treating them
with MT. Histological examinations revealed that the marked
increase in size of the pancreas is not only due to an
increase in number of cells, but also due to an increase in
acinar granulation. Besides, the granular cells in the
intestine also showed hypertrophy.
2.1.2.1.2.f Thyroid gland
Several studies have demonstrated that injection
of MT or testosterone stimulates thyroid activity in fish
(Singh, 1968,1969 Van Overbeeke McBride, 1971 Hunt
Eales, 1979). Higgs et al. (1977 a,b) and Fagerlund et al.
(1980) reported that MT given as a dietary supplment to coho salmon
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increases thyroid follicle epithelial cell neignt regaraiess
of the state of thyroid activity. In contrast, Milne
Leatherland (1980) failed to obtain a response in plasma
thyroid hormone levels and thyroid histology of rainbow
trout upon repeated injections of MT. The bulk of available
evidence thus suggests that growth stimulation by steroid
hormones may, at least in part, be mediated through thyroid
hormone stimulation.
2.1.2.1.3 Mechanisms of anabolic actions of
androgens
2.1.2.1.3.a Appetite and food utilization
Various studies have shown that fish fed with an
androgen-supplemented diet have a generally increased
appetite, food conversion efficiency and protein efficiency
ratio compared with untreated fish. This may partly account
for the higher growth rate observed in the hormone-treated
fish.
MT has been shown to increase food consumption of
coho salmon by 17 to 23% depending on experimental
conditions (Fagerlund et al.,' 1979). When testosterone is
fed the corresponding increase in food consumption is only
6% (Fagerlund et al., 1979).
Ince et al. (1982) found that when rainbow trout,
were fed with ethylestrenol- (an anabolic steroid)
supplemented. diet, food conversion efficiency, protein
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efficiency ratio and protein assimilation were higher while
the fecal nitrogen was lower than the control fish.
Similarly, American elvers fed with a MT-
containing diet have a significantly higher growth rate (50%
over untreated controls over a period of 21 days) and food
conversion efficiency ratio (30% over untreated controls
over a period of 10 days) (Degani Gallagher, 1985).
2.1.2.1.3.b Protein synthesis
One of the anabolic actions of androgens is to
enhance the synthesis of protein in tissues through the
building up of their constituent amino acids and peptides.
In mammalian studies (Kochakian, 1976), a quantitative
measure of the anabolic processes can be obtained by
following the incorporation of spec.ificamino acids into
tissues and/or by determining RNA levels or RNA to DNA
ratios in tissues. Using similar in vivo technique, Matty
Cheema (1978) have found that in rainbow trout that had been
treated with dimethazine and norethandrolone, there was a
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higher percentage uptake of orally administered C-leucine
into muscle protein. In these groups% uptake levels were
78.3+ 7.1 and 77.0+ 4.0 (S.D.)%, respectively, while the
mean value for the control group was only 56.2+ 8.5%.
Sower (1978) measured the RNA, DNA contents and
RNA ./DNA ratio in moisture- and lipid-free whole body
samples of steelhead trout and found that all these
parameters did not change significantly upon MT or flutamide
treatment, although the former steroid reduced, and the
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latter increased, growth over that of controls. Lone Matty
(1980a, 1981b) noted a general trend of decreasing DNA
content and increasing RNA, RNA/DNA, protein/RNA and
protein/DNA in muscle, kidney and liver of carp as dosage of
MT or 11-ketotestosterone in the diet increased. In the
brain, the trend of increasing DNA content and decreasing
protein/DNA ratio was evident.
2.1.2.1.3.c Tissue composition and enzyme activities
By comparing the differences ..in tissue
compositions and tissue enzymatic activities between the
control and hormone treated groups, valuable information
about the mechanism of the hormone action can be obtained.
Such changes may indicate the differences in rate and/or
direction of some important metabolic pathways within the
fish.
Blood metabolites are most sensitive to hormone
treatment since the circulatory system is in intimate
contact with many metabolically active organs such as the
liver, kidney and gills. Any changes in blood metabolites
would indicate a shift in the rate of absorption, secretion
or utilization of that particular metabolite. Changes in
liver metabolites may involve a change in absorption and
secretion parameters and/or changes in hepatic enzyme
activities in the liver cells. Muscle has a rather stable
metabolic pool and any changes may indicate a rather drastic
alteration in metabolism of the fish.
Peterson Shehadeh (1971) analysed the changes in
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serum calcium, copper and proteins of MT in3ectea mullet.
Serum calcium and copper were found to have increased 4 and
2 folds, respectively. Morever, there were both quantitative
as well as qualitative changes in the plasma protein
electrophoretic.patterns of the MT injected group. All these
changes conform with plasma changes reported in other fish
during the course of the normal spawning cycle (Garrod
Newall, 1958 Booke, 1964 Woodhead, 1968). This indicates
an involvement of androgens in spawning activities.
Serum protein, amino acids, NH nitrogen, lipid,
cholesterol, esterified fatty acids and the haematocrit are
found to have significantly elevated in testosterone
injected immature red grouper when compared with oil
injected control fish (Ng et al., 1984). Other metabolites
such as Na, Ca, K, Cl, glucose and vitellogenin are,
however, unaffected. All these changes indicate that
testosterone plays an important role in the enhancement of
protein and lipid metabolism in the immature fish (Ng et
al., 1984).
The same authors also analysed the liver and
muscle metabolites such as water, lipid, protein, amino
acids and glycogen and-reported no significant changes
except for an elevation of hepatic glycogen in the
testosterone treated group. Hepatic enzyme analysis, on the
other hand, showed that there were elevated activities of
aldolase, isocitrate dehydrogenase, glycogen phosphorylase,
glutamate-oxaloacetate transaminase (GOT) and glutamate-
pyruvate transaminase (GPT) in the testosterone treated
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group. The increased activity of GOT and GPT is indicative
of increased amino acid metabolism. The increase in the
activities of aldolase and isocitrate dehydrogenase,
indicated mean acceleration of both the glycolytic pathway
and the tricarboxylic acid cycle. The acceleration led to
increased production of ATP which can be later used in the
synthesis of.hepatic lipids and proteins (Stryer, 1981. Ng
et al., 1984).
Anabolic steroids exert only minor effects on body
moisture and protein contents of juvenile salmonids. Hirose
Hibiya (1968b) reported only a slight increase in body
protein and a slight decrease in non-protein' nitrogen
content in rainbow trouts which received oral 4-
chlorotestosterone acetate treatment. Body fat content of
coho was affected only marginally following administration
of MT in doses of 0.2 and l,ppm, (Fagerlund McBride, 1975)
but a dose of 10 ppm increased lipid content significantly.
Lipid determination on whole fish were made by Fagerlund and
McBride (1977) and they demonstrated that there was a
significant increase in the total lipid content in steelhead
trout and pink salmon that have been treated with MT.
2.1.2.1.3.d Digestive and absorptive functions
Effects of steroid hormones on the digestive
functons of fish are rarely studied. However, they are very
useful parameters since the.anabolic effects of steroids may
be mediated via their ability to-enhance the efficiency of
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digestive and absorptive functions of the gut, sucn as
stimulation of digestive enzyme activities and increase in
metabolite transport.
Yamazaki (1976) demonstrated that a marked
increase in the number and degree of granulation of
pancreatic acinar cells of MT treated Oncorhynchus masou.
Besides, the granular cells in the intestine also
hypertrophied following the treatment with MT. Yamazaki
concluded from these observations that MT might induce a
higher rate of digestion and/or absorption.
Lone Matty (1981b) had attempted to relate
hormonal enhancement of carp growth to an increase in gut
proteolytic enzyme activity. They observed that
testosterone, 11-ketotestosterone or adrensterone
administered in doses of 1-10 ppm for 60 days, induced
weight gains, ranging from 22 to 68% over controls, and
generally stimulated the activity of amylases in the rinsed
gut.
Hibibi.et al. (1983) studied the effects of MT on
14,
in vitro intestinal transport and absorption of L-( C)-
leucine in rainbow trout using the everted gut technique as
described by Wilson Wiseman (1954). The hormone was
applied either by intraperitoneal injection or by. direct
addition to the incubation medium. Addition of MT to gut
incubation media sigificantly increased the amount of radio-
active leucine in the serosal solution. An increase in
mucosal absorption after 20 min of incubation was also
observed but the overall ability of the intestine to
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accumulate radioleucine was unaffected. By contrast, in
those fish which have been previously injected with MT,
their gut showed significant increase in overall radio-
leucine accumulation. Serosal absorption of radioleucine
also increased but mucosal absorption was unaffected.
All the above results suggest that the androgen-
induced growth promotion in fish may in part be a
consequence of enhanced efficiency of intestinal functions.
2.1.2.2. Estrogens
Estrogens, in particular the. synthetic
diethylstibestriol, have been very effective in promoting
growth in cattle and chicken. However, a growth response in
fish examined so far has been either lacking or negative
(Higgs et al., 1982). A few exceptions to this trend,
however, have been noted. A positive response was recorded
by Cowey Sargent (1972) and Cowey et al. (1973) in. plaice
and Yu et al. (1979) on.juvenile coho salmon. Berkowitz
(1938) working with guppy, and Cohen (1945) working with the
platyfish, reported weight gains in males only. The males of
these two latter species, however, are normally smaller than
the females and the effect on size may be regarded as a
feminizing effect, in much the same manner as regarding
growth retardation caused by androgens in females as a.
masculiniz.ing effect.
Bulkley (1972) and Fagerlund and McBride (1975
unpublished observations: from Higgs et al., 1982) found
35
that the growth retarding effect of diethylstilbestrol on
salmonids in concentrations of 0.1-50 ppm to be dose
dependent, while a number of authors noted. that estradiol,
when fed in doses ranging from 1 to 150 ppm, did not have a
significant effect on growth. The decreased growth of fish
receiving elevated doses of diethylstilbestrol can possibly
be attributed to a toxic effect of the drug. This was
supported by the observation of Fagerlund and McBride (1975
from Higgs et al., 1982) that extensive degeneration of
the kidneys of coho salmon occurred upon receiving a dose of
50 ppm of diethylstilbestrol for 12 days. The effect of
diethylstilbestrol on growth of hatchery-reared coho salmon
juveniles and the subsequent return of adults was examined
by Lorz (1971). Feeding of 200 ppm of the drug for 159 days
resulted in a weight loss of 23.9% relative to a control
group. The number of returning adults from the hormone-
treated group was only 30% of the control return, but the
number of returning precocious'males in the hormone-treated
group dropped to a quarter of the number. in the control
groups.
2.1.2.2.1 Effects of estrogens on vitellogenesis
Vitellogenesis in teleosts is divisible into two
distinct phases: (i) hepatic production of the yolk
precursor vitellogenin, and (ii) ovarian incorporation of
vitellogenin into the yolk proteins, lipovitellin and
phosvitin (Campbell Idler, 1976,1980 Petersen and
Emmersen, 1977 Campbell, 1978 Idler Campbell, 1980 van
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Bohemen et al., 1981 DeVlaming et al., 1984 Copelana et
al., 1986). In previtellogenic teleosts, the circulating
levels of both estrogens and testosterone are low (Wingfield
Grimm, 1972 Campbell et al., 1977). However, when
vitellogenin is produced during the period of oocyte
maturation, there is a concomitant increase in blood
estradiol level (DeVlaming*et al., 1984 Emmesen Petersen,
1976). Since vitellogenesis is a hormone regulated process,
it is not surprising that exogenous hormones can induce its
formation. Only estrogens and occasionally androgens have
been found to successfully induced vitel'logenin production
(Hori et al., 1979 Surdararaj Nath, 1981 Ng et al.,
1984). Estrogen does not, however, stimulate ovarian
incorporation of vitellogenin (Campbell Idler ,1976
Upadhyay et al., 1978 Ng et al., 1980).
The process of vitellogenesis is associated with
many metabolic changes. Since the yolk precusor protein,
vitellogenin, is a calcium binding lipoprotein, an increase
in production of this protein by estrogen will then
undoubtedly. cause hyperproteinemia, (Craik, 1978 Korsgaard
et al., 1983 Medda et al., 1980 Ng et al., 1984)
hypercalcemi.a (Craik, 19781 Ng et al., 1984 Ng et al.,
1986) and hyperlipidemia (Craik, 1978 Korsgaard Petersen,
1979 Petersen et al., 1983). Estrogen also induced
elevations of blood cholesterol, lipid phosphorous, free
fatty acids and glucose concentration( Wiegand Peter,
1980 Petersen et al., 1983).
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Vitellogenin is manufactured by the liver in
response to estrogen in all oviparous vertebrates (rata,
1976 Craik, 1978). Treatment of immature red grouper with
estrogens caused an increase in the hepatosomatic index and
cell volume which indicated hypertrophy of hepatic cells.
Study of the ultrastructure of the liver revealed that the
hepatocytes possess active endoplasmic reticulum and Golgi
apparatus, consistent with enhanced biosynthesis and
packaging of vitellogenin. The nucleus and mitochondria were
also characteristic of metabolically active cells (Tam. et
et., 1983 Ng et al., 1984). Other studies such as those on
the flounder (Emmersen Emmersen, 1976 Emmersen et al.,
1979 Korsgaard et al., 1983), the Singi fish.(Medda et
al., 1980) and the rainbow trout (Haux Norberg, 1985),
suggested enhanced protein synthesis by showing an increase
in liver protein and RNA content without cocomitant changes
in liver DNA content. These data also suggest that the
observed hepatic hypertrophy was due to an increase in cell
size but not an increase in cell number
Enhancement of protein synthesis is always
accompanied- by a decrease in protein catabolism. Korsgaard
et al. (1983) found that in estradiol treated male flounder,
the RNA coiitent of .the liver was increased while the
specific activities of the hepatic enzymes glutamate
oxaloacetate transminase and glutamate pyruvate
transaminase, respectively decreased by 35 and 20% relative
to that of control, respectively. There was also a
depression in the activity of hepatic tyrosine amino-
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transferase in estradiol injected (4 mg/100 g body weight)
immature brook trout (Whiting Wiggs, 1978).
A depletion of liver glycogen is observed in most
studies on estradiol treated fish (Whiting Wiggs, 1978
Korsgaard Petersen, 1979 Dasmahapatra Medda, 1982
Petersen et al., 1983 Haux Norberg, 1985). Reduction in
liver glycogen content is likely to be due to enhanced
mobilization. The energy derived ultimately from such a
catabolic process may be used for protein and lipid
synthesis. Energy can also be derived from other energy
production pathway such as the glycolysis and tricarboxylic
acid cycle. There was evidence of elevated hepatic
glycolytic enzyme activities in estradiol treated fish, e.g.
hexokinase and pyruvate kinase in the red grouper (Ng et al,
1984) and glucose-6-phosphate dehydrogenase and pyruvate
kinase in-the male flounder (Petersen et al., 1983). In
addition, more NADPH and ATP were produced for lipid and
protein biosynthesis through the increased activities of
malic enzymes and isocitrate dehydrogena.se (Ng et al.,
1984). By contrast, the.activities of hepatic enzymes such
as phosphorylase a and glucose-6-phosphatase, (Petersen et
al., 1983) were depressed because the excess amino acids
were channelled into protein synthesis.
Muscle constitutes a large body compartment with a
great capacity to buffer changes. Thus, there were no major
changes in the muscle content of water, protein, lipid and
glycogen after treatment of estrogens in the red grouper (Ng
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et al., 1984) and Singi fish (Medda et a1.,1980
Dasmahapatra Medda, 1982).
The histological structure of the ovary in
estradiol-treated immature grouper has also been studied. It
was found that estradiol did not change the composition of
the oocyte population or the oocyte size, though there was a
slight increase in the gonadosomatic index. No.vitellogenic
oocytes were observed (Tam et al., 1983). The ovary of the
Singi fish was also found to be completely unresponsive to
exogenous estrogen with regard to lipid, glycogen, water,
protein and nucleic acid contents (Medda et al., 1980).
These data, together with the studies of Campbell Idler
(1976) Upadhyay et al. (1978) and Ng et al.(1980), lead us
to conclude that estrogen alone does not stimulate the
incorporation of vitellogenin into the ovary. Other
hormones, such- as gonadotropins may be essential in the
process (Campbell Idler, 1976 Idler Ng, 1979 Ng
Idler, 1979).
2.1.2.2.2 Other biological effects of estrogens on
fish
2.1.2.2.2.a Pituitary
Feedback effects of estrogens on gonadotrophs of
the pituitary have been demonstrated previously in both male
and female fish. Inhibitory actions of gonadal steroids have
been indicated by castration and replacement therapy
Millard, 1978 Young, 1980). However, in the study of
Groves and Batten (1986), they showed that estradiol had
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direct stimulatory effect on the gonadotrop taken rom uric
teleost, Poecilla latipinna in vitro. They found that the
effects of the steroid differed according to sex and
reproductive state of the donor animal..Estradiol stimulated
gonadotropin secretion in active gonadotrops in female fish
and immature fish while suppressed the secretion in male
fish. Positive feedbacks of estrogens has also been shown in
other fishes'by administration of anti-estrogen (Breton et
al., 1975 Billard Peter, 1977) as well as by estrogen
treatment in vitro (Fahreaus van Ree et al., 1983) and in
vivo (Oliverean Olivereau, 1979a,b).
2.1.2.2.2.b Gonads
Estrogens have been applied to salmon shortly
after hatching or just after the initiation of feeding. At
these times sex differentiation has just commenced and so
induction of sex reversal from males to females can be
achieved (Donaldson Hunter, 1982 Yamazaki, 1983). In
general, estrogens were effective in inducing sex reversal
in the rainbow trout (Johnstone et al., 1978),- coho salmon
(Goetz et al.,1979). Atlantlic salmon (Johnstone et al.,
1978), chinook salmon (Donaldson Hunter, 1982) and masu
salmon (Nakamura, 1981,1984). The effectiveness of the
estrogen treatment depends on a number of internal and
external factors such as species differences, effective
dosage (Sower et al., 1984), developmental stages of the
fish when the hormone is applied (Nakamura, 1984), fish
density (Johnstone et al., 1978), method of hormonal
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application (Goetz et al., 1979) and environmental tactors
such as photoperiod (Johnstone et al., 1978)
2.1.2.2.2.c Skin
Like androgens, estrogens also cause structural
changes in the skin. Tam et al. (1983) injected estradiol
into immature red grouper and discovered that the skin of
the fish showed a proliferation of cells in the epithelium
superficial to the pigment layer. In addition, the scale and
the mucous epithelium increased by several fold in
thickness. There was also an increase in the amount of
mucus-containing globlet cells in the superficial stratum
which resulted in an increase in the amount of slime on the
skin.
2.1.2.2.2.d Intestinal functions
Habibi et al. (1983) investigated the effect of
androgens and estrogens on in vitro intestinal transport and
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absorption of L-( C)-leucine in rainbow trout. They used
the everted gut technique according to Wilson and Wiseman
(1954). In those fish which had been. previously injected
with estradiol (200 ug/100 g per day on alternate days for
10 days), significantly higher midgut accumulation of
radioleucine- and increased serosal leucine absorption
occurred. However, no change in mucosal leucine absorption
was evident. Furthermore, direct addition of estradiol into
the gut incubation medium-(200 ug/ml) had no effect on any
of the three parameters studied. This study again showed
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that estradiol may also enhance the absorption of amino
acids in some fish species.
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Part 2: Effects of Thyroid Hormones on vrowtn ina
Metabolism.Of Fish
2.2.1 Introduction
The maintenance of proper thyroid functioning is
important in normal fish growth. Thyroid hormones are shown
to play a permissive role in the growth process. They
potentiate the effects of other anabolic hormones, most
notably that of growth hormone (Donaldson et al., 1979
Eales, 1979a). However, the evidence to date indicates a
lack of consistency in the growth response of teleosts after
thyroid hormones treatment, and even opposite results have
been obtained for a single species (Gorbman, 1969). Before
presenting a review of the experimental data of thyroid
hormones on fish growth and metabolism, it is better to
understand the factors regulating the secretion of thyroid
hormones, the nature and ciculating levels of thyroid
hormones in the blood, as well as their degradation rates
and their pathways of peripheral metabolism.
2.2.2 Structure, Biosynthesis and Feedback Control of
Thyroid Hormones
The thyroid of teleost is diffuse and non-
encapsulated but consists of many sac-like colloid filled
follicles lined by secretory epithelium (Gorbman et al.,
1983). Two important thyroid hormones, namely L-thyroxine
(T) and 3,5,3'-triiodo-L-thyronine (T) (see Figure 2.1),
and their several derivatives, are found in the blood of
3,5,35'- TETRAIODOTHYRONINE (T4)
3,5,3'- TRIIODOTHYRONINE (T3)
Fig. 2.1 Structures of vertebrate thyroid hormones
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fish, as evaluated-. by gas-liquid cnromatograpnic,
radioisotopic and radioimmunoassay techniques (Osborn &
Simpson, 1978 Brown Eales, 1977 Grau Stetson, 1977
Osborn et al., 1978).
The synthesis of thyroid hormones in the thyroid
gland follicles is stimulated by thyroid stimulating hormone
(TSH), which is derived from the basophils of the proximal
pars distalis. The TSH secretion itself is found to be
controlled by T through a negative feedback loop directly
4
on the TSH cells in the pituitary (Peter, 1973). In
addition, there is a general hypothalamic inhibitory effect
on TSH secretion (Peter, 1972,1973 Peter McKeown, 1975
Bromage et al., 1976).
2.2.3 Nature, Biological Potency and Mode of Actions of
Thyroid Hormones
it is generally. believed that fish thyroid
produces mainly T. T is regarded largely as an inactive
4 4 125
precusor for T (Higgs et al., 1982). I-labelled L-T
3 4
tracer studies have proved that the presence of T in. the'
3
plasma of some fish is the result of monodeiodination of T
4
(specific enzymatic removal of iodide from the 5' position
of the T molecule) during peripheral metabolism (Higgs
4
Eales, 1977 Eales, 1977a,b). Sites of T production have
3
not yet been completely identified but the occurrence of
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deiodination of( I)-T has been shown in several tissues
4
of rainbow trout (Law Eales, 1973). Certain conditions
may enhance T production including increase in food ration
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(Higgs Eales, 1979), high dietary protein content (Higgs &
Eales, 1979), injection of testosterone (Hunt Eales,
1979), and increase in acclimation temperature (Eales et
al., 1981). On the other hand, starvation (Higgs Eales,
1977 Eales, 1979b) and injection of toxic chemicals (Eales
Omeljaniuk, unpublished: from Donaldson et al., 1979) can
lead to reduced T production.
3
The possibility of T binding to putative
4
receptors has not been thoroughly studied in fish. However,
T has been shown to bind to saturable nuclear sites in
3
livers of rainbow trout (Van Der Kraak Eales, 1980). These
sites are found to occur in the nuclear acidic-protein
fraction and possess several properties similiar to their
presumed mammalian counterparts. At endogenous plasma T
3
levels, approximately 50% of these sites are occupied by T
3
while elevation of plasma T to 6-11 times of endogenous
3
levels will lead to saturation. Saturable T binding cannot
3
be established in cellular fraction other than in the
nucleus.
The extent of binding of thyroid hormones to the
plasma proteins have been well documented for the rainbow
trout (Falkner Eales, 1973 Higgs Eales, 1977 Eales,
f
1979b). The data demonstrated that T bound more strongly to
3
plasma proteins than T and consequently turned over more
4
slowly in plasma than T. Therefore, T in teleosts may
4 3
represent the better buffered plasma hormone pool, while
plasma T may undergo transitory surges in response to
environmental perturbations (Brown et a_l., 1978).
2.2.4 Peripheral Metabolism of T and T
In fish, non-protein bound thyroid hormones are
either deiodinated, with concomitant production of primarily
inorganic iodide and several degradation products, or
eliminated from the body via the liver biliary-fecal pathway
(enterohepatic system). Competition between these two
pathways may exist.
i) Deiodination: At present, the sites of in vivo
deiodination are not known. However, Law Eales (1973)
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using in vitro methods demonstrated deiodination of I-
labelled L-( T) in several brook trout tissues including
4
the brain, gill, stomach, duodenum, intestine, heart, kidney
and muscle but not in liver. In every case investigated,
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negligible deiodination of I -labelled L-( T) relative
3
to that of T occurs, such as in the studies of starved and
4
fed brook trout (Eales et a_l., 1971; Higgs Eales, 1977)
and in starved rainbow trout (Eales, 1977b). Lack of T
3
deiodination implies that T inactivation or elimination
3;
occurs via other routes.
ii) Enterohepatic system: A number of studies
have conclusively established the existence of an
enterohepatic system for T (Leloup Fontaine, 1960; Osborn
4
Simpson, 1969; Eales, 1969, 1970, 1972) and T (Eales et
3
al., 1971; Higgs Eales, 1977). They were mainly excreted,
as the parent iodothyronine or the glucuronide conjugate
(Eales, 1969, 1970; Sinclair Eales, 1972; Bibor LeRay,
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1973). A significant proportion of the labelled hormone may
be lost via other routes such as kidneys or gills (Collicutt
Eales, 1974) but these routes have not been investigated
in detail.
2.2.5 Effects of Thyroid Hormones on the Growth of Fish
T, T and some mammalian thyroidal extracts have
3 .4
been used to study their effects on fish growth. The results
of these studies (summarized in Table 2.3) showed that there
is no consistency as far as the effect of. thyroid hormones
on fish growth is concerned. The reasons for such
discrepancies have been attributed to the difference in
experimental design which include hormone dosage, route of
administration, photoperiod, temperature, ration level, food
quality, feeding frequency, stress, size of the fish and
species sensitivity (Higgs et al., 1982).
2.2.6 Factors Influencing the Efficacy of Thyroid Hormones
on Growth
2.2.6.1 Hormone dosage
In the review of Donaldson et al. (1979), it was
stated that fish growth and condition factor could be
manipulated in%a positive or negative direction according to
T and T dosages. In general, low dosages of hormone have
3 4
anabolic effects while higher dosages depress growth. High
hormone dosage causes pharmacological responses of fish by
depressing food intake and condition factor (Massey Smith,
1968 Higgs et al., 1976 Higgs et al., 1979), enhancing
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Table 2.3 Studies of thyroid hormones on fish growth
Method of treatmentSpecies Hormone used
Route Duration (days) Dose Responses and remarks Literature
Salmo irideus T4 W 1: 1.lxl05(rai.nbow trout) Stimulated growth, caused vascular Sklower (1927)
abnormalities causing deathSaa 5Na-L-T4 W 15/28 1:5x10gairdneri Growth rate:significatly greater in T4 Barrington(r.ainbow trout) treated fish. Stimulated uptake of Rawdon (1967)
N35Ssulf ate into bone and cartilageSalmo trutta T4 W 13(brown trout) 3.75 uM Stimulated growth in hormone treated fish Massey Smith (1968)
Salmo salar Dessicated d 330 1:1FA t 1-a ntic salmon) beef thyroid No effect on growth LaRoche LeBlond (1954)
Salvelinus 8T4 wfontinalis 1 or 3 1:lxlO
Decreased supernatant radioleucine in Narayansingh(brook trout)
gill and increased incorporation of Eales (1975)
radioleucine into plasma proteinncorhh nchus L-T4 im 84kisutch 5 ug/g Growth rate of T4 treated fish were Higgs et al. (1976)(coho s lma on)
significantly higher 'than those of
control0 keta T4 W 49(Pink salmon) 1:1x10 Reduced growth rate, caused boardening Honma
Carassius of head and enhancement of growth Murakawa (1955)Na-L-T4 isauratus 70 2 ug/g bw(goldfish) Increased thickness of epidermis and Bjorklund (1965)
enhanced growth of fish
An uilla rostrata T3 d(elver) 35 20 mg/kg Increased the mean growth rate. No effect Degani Gallaghen
Fundulus on body protein and lipid content' (1986)T4 or T3 ipheteroclitus 1 ug(killifish) T3: increased muscle protein synthesis Jackim LaRoche (1973)T4: no such effect
PlYPoecilus
Dessicated dmaculatus 0.032-0.065thyroid pellet Stimulated fish maturation and Baker-Cohen (1961)(lx/week)Lebistes development of secondary sexual characterDessicated dreticulatus 60-90 1:1mammalian No effect on growth or rate of(guppy) Smith Everett (1943)thyroid development of sexual characteristics
M- it auratus L-T4(mullet) dry d 20L-T3 50 mg/100 g T4 and T3 increased weight of. fish LeRay et al. (1970)relative to that of control.
Abbreviations (d:diet; w: water; ip ip: intraperitoncal injection;
im : interamuscular injection; ia: intraabdominal injection)
6
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protein catabolism (Ray & Medda, 1976), causing
abnormalities in external morphology and altering body
energy reserves (Singh, 1979). Under a given set of
condition, T induces these effects at lower doses than T
3. 4
This can be explained, at least in part, by the greater
biological effects of T and its lower degradation rate
3
(Eales, 1979b).
Depending on the situation, a given dose of
thyroid hormones may or may not cause phamacological
responses. The variables that influence the response are the
same factors as stated in Section 2.2.5. The interaction of
one or more of these factors with hormone dosage may create
a state of hyperthyroidism with concomitant elevations in
the titres of other hormones (e.g. growth hormone) which
influence somatic, bone and cartilage growth (Pandey
Leatherland, 1970 Leatherland Hyder,1975 Higgs et al.,
1976 Higgs et al., 1979 Fagerlund et al., 1979).
2.2.6.2 Routes of hormone administration
Thyroid hormones have been administered to fish by-
intraperitoneal (ip) or intramuscular (im) injection,
implantation of hormone as cholesterol pellets into the
dorsal musculature, immersion in a solution of the hormone
and oral administration.
As stated in Section 2.1.2.1.1.c, ip, im inject-
ions and implantation are not economical methods because
fish require re-treatment at one- (Higgs et al., 1977b) to
three-week (Higgs et al., 1976) intervals in the cases of
52
injection and pellet implantation, respectively knuL1J)UL.,
1977). This frequency of treatment is stressful to fish (may
induce disease) and uneconomical (high labour cost). In
addition, the ip route is impractical for T treatment in
4
salmonids because of the its rapid degradation rate in the
fish (Higgs Eales, 1978 Eales, 1979b). Even when T is
4
injected once daily, this would not obviate a dramatic rise
and a precipitous decline in plasma T titres (Eales, 1974).
4
The immersion procedure of thyroid hormone is only
good for small fish (!t.2g) because of better cutaneous
hormone absorption in small fish. Moreover, such a technique
will limit the volume of water exchanged daily: an
undesirable situation when fish are fed daily to satiation.
This necessitates extensive water flow to remove uneaten
food and maintain other factors such as ammonia, pH and
oxygen within acceptable levels of tolerance (Brett, 1979)
for optimum growth.and food conversion efficiency.
Oral administration again is the most economical
and practical method of treatment. However, this route seems
to be appropriate for T but not for T (Higgs et al., 1976
3 4
Higgs et al., 1977b Fagerlund et al., 1980). Oral and
systemic administration of.T always give different results
4
because of'several reasons. First, the metabolic derivatives
of T given orally may differ from those resulting from
4
direct introduction of T into the blood stream (Law
4
Eales, 1973). Second, T may be poorly absorbed across the
4
aut epithelium because of binding to intraluminal proteins
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(Chung Van Middlesworth, 1964 Hays, 1968) and/or to one
or more dietary constituents (Collicutt Eales, 1974).
Finally, oral rather than.systemic route may result in more
extensive hepatic uptake and-increased loss via the biliary-
fecal pathways (Eales Sinclair, .1974 Wenzel
Kirschseper, 1977).
2.2.6.3 Light condition
Normal growth rate of untreated salmonids is
strongly influenced by photoperiodicity (Clarke et al.,
1978). The light condition may exert their effects on growth
by affecting the endogenous thyroidal status and growth
hormone secretion (Higgs et al., 1982). Unfortunately, no
comprehensive study has been carried out with teleosts to
determine thyroidal responses to intensity, wavelength or
plane of polarization and periodicity of light, especially
in relation to other environmental variables, e.g
temperature (Eales, 1979a).
The influence of natural periodicity (season) on
endogenous thyroid function has received some attention.
These studies involve the assessment of plasma T-and T level in
one to two years old trout (White Henderson, 1977 Osborn
et al., 1978). Close correlation was noted between the
seasonal patterns in growth rate and thyroid hormone levels
of freshwater salmonids. Generally, both were maximal from
March (spring equinox) to the end of June (summer' solstice)
when natural. light was increasing, while a minimum was
reached between September (fall equinox) and December
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(winter solstice) when natural light was declining (Mariert
et al., 1977, 1979). Thus, it is likely that natural light
periodicity' potentiates the secretion of growth hormone
(Komourdjian et al., 1976) and thyroid hormones (White
Henderson, 1977 Osborn et al., 1978) in spring and
depresses plasma titres of both hormones during periods when
natural light is decreasing. This information predicts that the
most beneficial effect of exogenous thyroid hormone
administration would be obtained when the natural production
of the endogenous hormones and growth rate are at mininmum,
using periodicity as aguiding factor (Brett, 1979).
2.2.6.4 Temperature
Most studies of temperature effect on thyroid
functions are concentrated on salmonids but the effects are
still enigmatic. Height of thyroid epithelial cells shows no
correlation with the acclimation temperature while higher
uptake of radioactive iodine is observed at higher
temperatures (Smith Eales, 1971 Leatherland et al.,
1980). Furthermore, plasma T and T levels have showed
3 4
little change over a wide range of acclimation temperatures
(Leatherland et al., 1980 Eales et al., 1981).
The study of Eales et al. (1981) gave most insight
into the effect of temperature on plasma thyroid hormone
degradation rate, extent of T to T conversion, and T
4 3 3
binding affinity of the saturable hepatocyte nuclear T
3
receptor sites. They found that plasma T degradation rate
4 0
in rainbow trout held at 5, 11 or 19 C for 14 days
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increased threefold from 5 to 19 C. Moreover, this increase
was accompanied by (i) a decrease in amount of T lost
4
through bile (ii) an increase in amount of T deiodinated
4
to T and (iii) an increased plasma T degradation rate.
3 3
The T binding affinity of the saturable hepatocyte nuclear
3
T binding sites was relatively constant over the range of
3 0
temperature studied (5-19 C). However, the affinity
decreased at temperatures higher than the optimal
0 0
temperature for fish growth (19 C). Furthermore, at 5 C,
saturable T binding sites could not be demonstrated in vivo.
3
Hence, thermal conditions at or below 5°C, or well in excess
0
of the optimal growth temperature (19 C), would not be




Several studies reveal that the provision of
rations well in excess of maintenance requirements may be
important in order to obtain maximum effect of exogenously
administered T. For example, Higgs and Eales (1978) had
4
reported that brook trout maintained for 37 days on a ration
of 5% body weight, as opposed to a 2.5% ration, had higher
fractional turnover of *T in plasma, higher plasma T
.4 4
levels, greater T degradation rate and more extensive
4
conversion of labelled T to labelled T. Eales and Shostak
4 3
(1985), who. held juvenile arctic charr for 24 days on eight
ration levels ranging from 0 to 3.9% of body weight, did
observe a progressive increase in plasma T with increasing
3
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ration to a plateau at 2% body weight (BW), out plasma. T4
did not increase until the ration exceeded 2% BW.
On the other hand, starvation depresses thyroidal
function in fish (reviewed by Donaldson et al., 1979 Eales,
1979a). Recent studies showed that starvation for 3 days
eliminated a diel cycle in plasma T and T and depressed
4 3
plasma T levels however, plasma T was not affected
3 4
(Eales, unpublished: from Donaldson et al. 1979). In fact,
a starvation period of 40-60 days is required to depress
plasma hormone levels in rainbow trout-(Leatherland et al.,
1977 Milne et al., 1979). Ration may also affect thyroid
hormone action by influencing tissue responsiveness to T
3
Van Der Kraak and Eales (1980) did show that starvation for
3 days caused a decrease in the capacity of saturable




There are only a few studies about the influence
of food quality on teleost thyroid functions. Leatherland et
al. (1980) failed to find any effect of dietary protein
level (35 and 45%) on plasma T and T titres of rainbow
4 3
trout held-at/several temperatures. However, Leatherland et
al. (1984) reported that rainbow trout fed a diet containing
no available carbohydrate (cerelose) for 16 weeks (0% of
cerelose in diet) exhibited the highest weight gain of the
five experimental groups .(0, 7, 11, 14, 21% of cerelose in
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diets) and had significantly higher plasma T4/T3 ratios than
groups fed 7,11, 14%.cerelose diets of similar caloric
content. Higgs and Eales (1979) also observed that severe
restriction of dietary protein (15%) and caloric content
(2.4 kcal/g) may depress brook trout thyroid function,
including the conversion of T to T. Dietary iodine in most
4 3
cases is unlikely to be a limiting factor in thyroid
function since branchial iodide uptake from water is very
effective (Leloup, 1970 Higgs et al., 1982).
2.2.6.7 Feeding frequency
In some experiments, fish have been presented
single or multiple meals daily, or in extreme conditions
starved for one or two days and then intensively fed (Higgs
et al., 1982).
The time of food presentation may influence
thyroid function since feeding of previously starved trout
rapidly increases T to T conversion within hours (Higgs
4 3
Eales, 1977) and plasma T levels'consequently rise (Eales
3
Hughes, unpublished: from Higgs et al., 1982). Hence, long
intervals between meals, in contrast to frequent feeding,
may diminish-the effectiveness of T on growth, if much of
4
the cellular action of T depends on peripheral conversion
4
to T. Thus,,.,-it is possible to optimize the hormonal milieu
3
for more efficient protein absorption and/or utilization by
manipulation of the feeding time (Higgs et al., 1982).
2.2.6.8 Stress
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Adverse culture conditions induce stress to the
fish. Stressful conditons include hypoxia, high culture
density, frequent disturbance, accumulation of metabolic
wastes such as ammonia and environmental pollutants (Mazeaud
et al., 1977 Donaldson, 1981 Fagerlund et al., 1981). In
most instances, stress is manifested by increased plasma
titres of both catecholamines and corticosteroids (Mazeaud
et al., 1977). These hormones have a protein catabolic
effect so. that elevated titres are undesirable in fish
culture (Chan Woo, 1978).
Acute and chronic stress conditions can be
recognised in studies involving stress on thyroidal
functions. Few studies have measured thyroidal responses to
acute stress. However, Collicutt and Eales (1974) and Brown
et al. (1978) observed that physical injury due to surgery,
saline injection, or blood removal, caused a temporary surge
in plasma T in channel catfish and rainbow trout, with
4
little change in T. There was no significant change in the
* 3
conversion of T to T and it was concluded that stress had
4 3
caused a transient increase in T release from the thyroid.
4
By contrast, chronic stress conditions, generally
detrimental to teleost health or survival, tend to cause
depression in thyroidal activity (Eales, 1979a). Capture and
transport of fish (Osborn- Simpson, 1972 Simpson, 1976).
starvation (Higgs & Eales, 1975, 1977 Eales Sinclair,
1974 Eales, 1979a Van Der Kraak & Eales, 1980), and
exposure to industrial pollutants (Nath Bhattacharya,
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1976 Leatherland Sonstegard, 1977,1978) tend to depress
thyroid functions.
2.2.6.9 Size(age)
Growth rate of salmonids declines as size and age
increases because of aprogessive reduction in demand for
food (Brett & Shelbourn, 1975 Brett, 1979).. The authors
considered the continual decrease in growth with size to be
a manifestation of a suboptimal hormonal milieu. This idea
is supported by a number of investigators as they noted a
reduction in thyroidal function of teleosts with increase in
size and age (Baker-Cohen, 1961 Eales,.1979a) Therefore,
there is a general trend that larger salmonids appear to be
more responsive to exogenous thyroid hormones than those of
small sizes (Higgs et al., 1982). In addition, the capacity
of saturable T binding sites in tissues may be greater in
3
larger than in smaller salmonids (Van Der Kraak Eales,
1980).
2.2.6.9 Species sensitivity
There is a distinct possibility that genetic
variability between species and within strains of salmonids
may account for differential growth response to thyroid
hormone treatment. Rainbow trout strains exhibit marked
differences in growth rate and digestibility of dietary
protein (Austreng & Refstie, 1979). These differences are
likely to be due to the different hormonal milieau. Findings
in homeotherms also suggest strain variability in thyroid
function (Stewart et al., 1978 Standal et al., 1980).
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2.2.7 Effects of Thyroid Hormones on Body Structure and
Metabolism of Fish
2.2.7.1 Proximate body composition and external morphology
Whole body protein and lipid content of salmonids
can increase, decrease or remain constant following the
treatment of thyroid hormones (reviewed by Higgs et al.,
1982). Factors affecting the deposition and mobilisation of
protein and lipid may depend on dosage of. hormone
(Narayansingh Eales, 1975), or the ratio of digestible
energy to protein in the diet and possibly other aspects of
diet composition (Fagerlund et al., 1979, unpublished:
Higgs 'et al., 1982). Other hormones which influence body
energy-reserves of fish, such as growth hormone (Donaldson
et al., 1979) and prolactin (Meier, 1970 Higgs et al.,
1977), may also interact with thyroid hormones to determine
the efficiency and directions of response.
Abnormalities in external morphology are induced
by high doses of T and T (20ppm). The abberations.include
4 3
elongated pectoral, pelvic and caudal fins, increased width
and/or height of the skull due to hyperplasia of connective
tissue elements of the interorbital region (LaRoche, 1953),
elongation and sometimes curling of operculum, and recession
of eyes into the skull (LaRoche LaBlond, 1952 Higgs et-
,al., 1976 Higgs et al., 1980, unpublished: from Higgs et
al., 1982). Moreover, with these high dosages, salmonids
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become progiessively thinner because of a aecrease in
condition factor (Higgs et al., 1982).
The changes in morphological structures of
salmonids can be explained by the hormonal actions on
cartilage and bone formation (Barrington Rawdon, 1967
Barber Barrington, 1972). It is conceivable that high
doses of T and T cause an imbalance in the composition of
4 3
cartilage matrix which can later be manifested by abnormal
bone formation. In this regard, T is always more potent
3
than T (Qureshi, 1976). The actions of thyroid hormones on
4
the development of cartilage and bone may be direct, or
mediated by somatomedins (Komourdjian Idler, 1978). In
addition, thyroid hormones probably act together with growth
hormone to promote complete chondrogenesis (Rappaport,
1975). Other hormones such as glucocorticoids, which have
been reported to have inhibitory effect on skeletal growth
and maturation in mammals may also depress bone formation in
salmonids. Some studies show that. glucocorticoids elicit
catabolic actions -in salmonids (McBride Van Overbeeke,
1971 Van Overbeeke McBride, 1971) and eels (Chan Woo,
1978) and these studies again suggested that stress of
salmonids may lead to antagonism of thyroid hormone action.
2.2.7.2 Appepite, food and protein utilisation
Oral administration of thyroid hormones to
salmonids does not consistently stimulate appetite because
the responses always depend on other factors such as dosage
and season (Higgs et al., 1977 Donaldson et al., 1979
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Higgs et al., 1983). However, improvement in the utilization
of food and protein for growth by hormonal administration
is commonly observed (Gross et al., 1963 Higgs et al.,
1977b). Therefore the latter mechanism may be responsible
for the anabolic effects of the thyroid hormones in some
fish species (Donaldson et al., 1979). Thyroid hormones are
reported to potentiate appetite and/or food utilization
directly-or indirectly by, for example, stimulating growth
hormone secretion (Markert et al., 1977).
2.2.7.3 Metabolic actions
2.2.7.3.a Protein metabolism
Thyroid hormones may have protein catabolic or
anabolic actions in fish depending on circumstances
(Plisetskaya et al., 1983). The goldfish (Hoar, 1958
Thornburn and Matty, 1963) and the eel (Woo, 1975). responded
to T treatment with increased nitrogen (ammonia) excretion.
4
In the eel, T injection also led to elevation of plasma
4
free amino acid level and depletion of tissue protein
content which are indicative of a proteolytic effect of T
4
(Woo, 1975).*On the other hand, Smith and Thorpe (1977) had
observed a T related decrease in nitrogen .excretion in fed
.4
rainbow trout. Besides, stimulation of protein and RNA
synthesis in both liver and-muscle 24 hr after injection of
different doses of T and T was shown in Tilapia mossambica
3 4
but DNA levels were not changed (Matty et al., 1982).
Thornburn and Matty (1963) also noted that T had protein
4
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anabolic actions by promoting in vitro incorporation of L-
14
(1- C) -leucine into muscle protein of goldfish. In
addition, Jackim and LaRoche (1973) observed that T, but
14 3
not T, stimulated in vivo incorporation of L-(1- C)leucine
4
into liver and 'gill protein of both rainbow and brook trout.
Thus, most'investigators believed that more amino acids may
be channelled ini:o protein synthetic pathways after
administration of low doses of thyroid hormones (Donaldson
et al., 1979), but higher doses appear to lead to protein
catabolism.
2.2.7.3.b Lipid metabolism
There are some publications reporting the effects
of physiological doses of thyroid hormones on lipid
metabolism of fish. T was introduced in aquarium water to
4
provide ambient hormone levels ranging from 1 to 50
ug/100ml. Such treatment tended to: (1) lower hepatic and
visceral lipid reserves in both starved and fed brook trout
and (2) elevate the fatty acid levels in.visceral adipose
tissue, but had little,,. if any, effect on muscle lipid
content' (Plisetskaya et al., 1983). The suggestion of
increased lipase content was made (Narayansingh Eales,
1975). The similar trend of f at'moblization rather than fat
deposition seems to accompany the growth promoting effect of
T (Donaldson et al., 1979). Murat and Serf aty (1971) also
4
showed that carp which had been administered with T in diet
4.
had higher circulating level of plasma fatty acids. It can
be concluded from the data that thyroid hormones play a
64
predominant part in lipid mobilization in tisn. however,
there is one exception Takashima et al. (1972) observed a
decrease in plasma fatty acid content and. plasma lipids
after treating rainbow trout with mammalian thyroid gland
powder.
2.2.7.3.c Carbohydrate metabolism
Several studies have shown that thyroid hormones
also influence carbohydrate metabolism in fish. Fontaine et
al.(1953) observed a decrease in hepatic glycogen in the
European eel after intraperitoneal T injections. They also
4
found that rainbow trout fed either iodinated casein or a
diet containing added T had lower hepatic glycogen when
4
compared with controls. LeRay et al. (1970) found that T
4
but not T, in a diet fed to mullet lowered hepatic
3
glycogen. Woo (1975) noted slight hyperglycaemia in the T-
4
injected Japanese eel. In addition, cytochrome oxidase
activity was increased by T or T, while glucose-6-
4 3
phosphate dehydrogenase activity was decreased by T
4
relative to the control level. Hochachka (1962) observed
that both T and T increased the rate of .gluconate
4 3
oxidation by-brook trout liver homogenate and slices by, as
much as 125%.
2.2.7.3.d Gastrointestinal functions
Higgs (1974) suggested that thyroid hormones may
influence gastrointestinal function in fish. For example, in
mammals it is known that thyroid hormones can stimulate
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gastric and intestinal mobility, enzyme synthesis, and
substrate absorption rates in small intestine, and synthesis
of bile salts (Middleton, 1971). Besides, androgens and
estrogens are found to have effects on digestive enzymes and
amino acids transport and absorption in-the gut of some
species (refer to Section 2.1.2.1.3.d). Perhaps thyroid
hormones may exert similar actions on the gut of teleosts
(Hiqqs et al., 1982).
2.2.7.4 Thyroid hormones and seawater transfer
Anadromous salmonids spend a variable length of
time as juvenile parrs in fresh water before undergoing
smoltification in preparation for their adult smolt
residence in seawater (Hoar, 1976). The smoltification
process is a drastic transformation which is energy
demanding, involving a variety of morphological, behavioral
and physiological changes (Woo yet al.,, 1978 Folmar
Dickhoff, 1980 Wedemeyer'et al., 1980 Sheridan et al.,
1985 Sullvian et al., 1985 Zuagg McLain, 1986). Numerous
attempts have been made to elucidate. the relationship
between thyroid functions and seawater adaptation in fish
(reviewed by Pickford Atz,. 1957 Gorbman, 1969) since it
is found'that'many of*the morphological and physiological
alternations associated with smoltif ication can be induced
by administration of thyroid.hormones (Specker & Schreck,
1984). In addition, extensive studies have indicated that
anadromous salmonids showed surge in thyroid activity at, or
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preceeding the.. transition of parr to smolt (Hoar 1939
Folmar Dickhoff 1980 -Wedemeyer 1980; Grau et al., 1981,
1982, 1985).
Recent data on this topic conclusively
demonstrated a close relationship between thyroid activity
and smoltification. There is a'surge in plasma T before and
4
a sharp decline after the period of parr-smolt
transformation of coho salmon (Dickhoff et al., 1978
Specker Schreck, 1984). The latter study also demonstrated
that the thyroid gland was more responsive (assessed by the
amount of plasma T) to the injected mammalian thyroid
4
stimulating hormone (TSH) during the period of transition.
Activities of enzymes responsible for aerobic respiration
and energy production were enhanced during transition and
are thought to be mediated by thyroid hormone action (Higgs
+ +
et al., 1982). These included an increase in Na -K -ATPase
in gill of coho salmon (Dickhoff et al., 1977), and
cytochrome c oxidase, succinate dehydrogenase and liver
mitochondria concentration of Big Salmon and Saint John
smolt fish (Blake et al., 1984).
The. use of thyroid hormones for enhancing fish
survival after transition has been shown and, current
information indicates that oral administration of T in
3
doses of 4 ppm (coho salmon: Fagerlund et al., 1980) or 10
ppm (Atlantic salmon: Refstie Gjegrem, unpublished: from
Higgs et al., 1982) for as little as 4 weeks before transfer
into seawater significantly improved subsequent growth, and
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survival of smolt. Furthermore, T treatment of fish species
3
such as coho just before normal seawater entry may ensure
that virtually all individuals within a population
osmoregulated and performed properly in the marine
environment (Higgs et al., 1982). The improvement of
salinity tolerance in salmonids by thyroid hormone treatment
may take place through the interaction with other hormones
involved in osmoregulation e.g. growth hormone (Komourdjian
et al., 1976b Clarke et al., 1977).
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Part 3: Effects of Dietary Nutrient Levels and
Compositions on Growth and Metabolism of Fish
2.3.1 Introduction
To attain a proper growth condition, fish must
receive a balanced diet containing appropriate amounts of
proteins, lipids, minerals, vitamins and trace elements.
Protein is an important constituent for building
musculature, for tissue repair and for energy source. The
bony structure of fish puts demand on minerals, whereas fat
seems to be required as an energy source. Vitamins and.trace
elements are needed in biochemical processes, in body
synthesis and for the maintenance of vital functions. As a
result, the dietary level of each constituent is an
important factor to be considered in fish nutrition
experiments and fish culture activities. They also provide
insight into the nutritional requirements of any particular
fish and allows one to estimate the minimum dietary
nutrient levels that will produce maximum weight gain,
rendering the more efficient use of fish feed.. The direct
effects of nutrient level on growth, food conversion,
protein conversion and vital metabolic activities on fish
have already been demonstrated in many studies (e.g. Bromley
Smart, 1981 Beamish Thomas, 1984 Henken et al., 1986
Tabachek, 1986).
2.3.2 Terminology in Fish Nutrition
There are several terms used in fish nutrition
studies that require attention since these terms describe
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These two terms are simple in calculation but have
weakness because there are no clear definition of the
expression feed intake and weight gain.
(b) Digestibility
The digestibility of a nutrient is a measurement





where A= absorbed nutrient, I= nutrient intake, F fecal
nutrient and Fk= metabolic nutrient' excreted with the
feces.
Usually, no correction for metabolic fecal losses




When the percentages of a nutrient in the feed and
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feces are analyzed, as well as the corresponding percentage
of an indicator substance (inert) e.g. chromium oxide, the
digestibility percentage may be calculated-by the formula:
nutrient in fecesindicator in food%
Digestibility(%) =100-100
nutrient in feedindicator in feces
(Austreng, 1978)
(c) Protein evaluation
Determination of protein utilization are important
in fish nutritional experiments since proteins are important
ingredients for body growth and energy production of fish.
There are several terms of expression:
B-BkI- (F-Fk)- (U-Uk)
Net protein utilization= NPU
II
where I= nitrogen intake, F= fecal nitrogen, Fk=
metabolic nitrogen, U= urinary nitrogen, Uk= endogenous
urinary nitrogen, B= body nitrogen and Bk= body nitrogen
at zero nitrogen intake
NPU is complicated in determination since it
requires the measurement of fecal and urinary N of fish fed
with a protein diet as well as a non or low protein diet.
Another term that has no correction for endogenous
N losses is more convenient:
B- Bo
Productive Protein Value PPV
I





Another term which is easy for obtaining a value
of protein utilization in fish is:
Weight gain
Protein Efficiency Ratio= PER
Protein intake
(Utne, 1979)
2.3.3 Protein Utilization in Fish
Among all nutritional components, protein is
considered to be the most important one in the food of most
teleosts, especially carnivorous species such as the red sea
bream (Shimeno et al., 1979) and other important cultivated
species such as the rainbow trout' (Pieper Pfeffer, 1979).
It is because dietary protein is the source of amino acids
for protein synthesis, repair and source of energy for
metabolic activities. However, protein is an expensive
component and also is variable in supply. Therefore, studies
on both qualitative as well as quantitative protein
requirements of economically important fish such as the
rainbow trout, are extensive (Zeitoun et al., 1976 Watanabe
et al., 1979 Cowey Sargent, 1979 Steffens, 1981). The
ultimate aim is to improve the efficiency of dietary protein
utilization in these fish. The efficiency of dietary protein
utilization- i'.e. the relationship between fish growth and
protein intake of fish is determined by numerous factors as




Different. fish species are different in their
protein utilization. Previous data indicated that some
commonly cultured fish, such as rainbow trout and carp,
showed very effective protein utilization (Steffens, 1981).
Rainbow trout has been reported to require only 1 to 1.5
units of air-dried feed.-for per unit of weight gain if
maintained in a favorable environment (as compared to more
than 3 units required for homiotherm farm animals) (Pieper
Pfeffer, 1979).
2.3.3.2 Size of fish
Protein utilization also depends on the size(age)
of the fish. White fish meal, for example, is not so well
digested by rainbow trout of 6 g body weight than by those
of 10 and 100 g body weight. Most likely the difference may
be caused by lower enzyme activities in juvenile fish
(Kitamikado-et al.,. 1964). Growth and protein conversion in
three sized groups of the European eel (initial length: 20-
23, 22-25 and 24-29 cm) has been studied (Bilio et al.,
1979). It appeared that growth and protein-conversion were
maximum in the relatively large fish (22-25 cm).
2.3.3.3 Environmental factors
Protein utilization of fish is greatly dependent
on the environmental factors prevalent in the aquatic
environment. Mechanik (1957) described a direct relation
between• low oxygen level in water and poor protein
digestibility. The influence of water temperature is
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mentioned by Serbina and Kazlauskene (1971). r'urtnermore,
other physical and chemical factors of water, such as pH and
NH -value, most certainly influence the physiological state
of 4 the fish and therefore affect protein utilization. Hence,
optimal protein utilization may be achieved only under
favourable environmental conditions.
2.3.3.4 Composition of diet
2.3.3.4.a Dietary protein quality
In general, most dietary proteins are
characterized by a high true digestibility which amounts to
more than 90% (Nose, 1967 Ogino Chen, 1973). However,
similar quantities of protein obtained from different
sources always lead to differences in'protein increments of
fish (Hepher et al., 1979). This can be explained by the
differences in nutritive values among these proteins.
Generally, it is found that proteins from animal sources
seem to have higher protein increment effect on fish than
proteins from plant sources (Hepher et al., 1979). Ogino and
Chen (1973), working on carp, found that the nutritive
values of proteins from animal sources such as egg yolk,
casein and white fish meal were higher than those of
proteins from vegetable sources such as soybean meal or corn
gluten meal. The study of Singh et al. (1979) also indicated
that the conversion efficiency of fish meal and wheat
powder/rice powder was much higher than the conventional
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fish feed consisting of rice bran and mustard oilcake of
fingerlings of rohu.
2.3.3.4.b Dietary protein level
Due to a relatively high need for essential amino
acids (Mertz, 1969), fish require a far greater quantity of
dietary protein for rapid growth than birds and mammals. The
importance of the dietary protein level for protein
utilization of juvenile tilapias was shown by Jauncey
(1982). He found that with white fish meal as the sole
protein source, the growth rate of fish increased. as the
dietary protein level rose up to 56%, while the protein
efficiency ratio (PER) decreased with increasing dietary
protein level. The minimum dietary protein level producing
maximum growth of the fish was found to be 40%. On the other
hand, rainbow trout fed at three protein levels (40%, 50%
and 60%) showed a reduction in PER with decreasing dietary
protein level (Cho et al., 1976).
2.3.3.4.c Dietary energy level and energy sources
It has been discovered that protein utilization of
fish fed a diet with protein content above threshold
maintenance level may be improved if the dietary lipid or
carbohydrate level. is increased. This is because the portion
of protein used for energy production is replaced by the
energy-rich components. Such metabolic response is called
protein sparing effect. This effect has been demonstrated
extensively in rainbow trout (Lee Putnam, 1973 Cho et
al., 1976 Murray et al., 1977 Steffens, 1977 Bromley,
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1980 Reinitz, 1983 Medland Beamish, 1985). Takauchi et
al. (1978a,b,c) evaluated a ratio of protein to lipid of 35%
18% in diets for juvenile rainbow trout as optimal,
provided high quality protein and lipid were used. Raising
the dietary protein level improved growth rate and food
conversion but reduced PER and PPV. On the other hand,
reducing the protein level caused deterioration of growth
rate and food conversion whereas PER and PPV were raised.
The protein sparing effect depends strongly on the
kind of dietary energy sources (Steffens, 1981). As
mentioned above, it'is mainly lipids that come into question
as the energy source in trout diets. Native carbohydrates
are less suited for these fishes because of their poor
digestibility, but may be used with success in carp diets to
meet the energy requirements (Ogino et al.,'1976).
2.3.3.5. Food ration
Minimal food ration near maintenance level results
in poor. food conversion that approaches an infinite value
while growth rate stagnates. Likewise, a high feeding
intensity, mostly applied in aquaculture, leads to poor food
conversion. This inefficiencies result not only from loss of
food but also from actual food utilization. Raising the
ration size for rainbow trout resulted in considerably
poorer digestibility of protein and N-free dry matter (Vens-
Cappell, 1978). Thus, digestibility of crude protein
decreased by 3% with an 1% increase of the daily food
ration.
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Huisman (1976) dealt with food utilization by carp
and rainbow trout-fed with different daily food rations
(crude dietary protein level= 49%)., His data showed that
the protein utilization of both fish species at the lowest
rations was unsatisfactory. Ration sizes.above the optimal
level also- resulted in a considerable deterioration of
protein utilization. Thus PPV of carp will be reduced by
nearly 30% if the daily food ration was raised from 3 to 5%
of body weight. A similar-trend may be observed with rainbow
trout when the daily ration was increased from 2 to. 3%.
2.3.4 The Importance of Carbohydrates in the Diet of
Fish
According to the work of Philips and Brockway
(1959), carbohydrates, the major source of metabolizable
energy in nutrition of mammals and birds, have been
considered to be of relatively little value in teleost fish
nutrition except in some herbivorous and omnivorous fish
such as mullet and carp (Shimeno et al., 1979). It is
generally believed that addition of carbohydrates to the
diet of carnivorous fish such as yellowtail and red sea
bream is ineffective (Pieper Pfeffer, 1979). Possible
reasons to explain why carbohydrates might be utilized with
low' efficiency could be:
(a) Insufficient enzymatic breakdown in the digestive tract
(b) Insufficient absorption of the end products of
digestion and
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(c) Insufficient metabolizability of absorbed monosaccharide
(Pieper Pfeffer, 19-79).
In view of the shortage and the high cost of
?rotein, replacing part of the dietary protein used for
energetic purposes by other sources of metabolizable energy
is desirable. This may enhance the protein utilization of
fish as.have been discussed in the previous section (section
3.3.4). Therefore, this forms an aim of the future research
work in the field of fish nutrition.
Pieper and Pfeffer (1979) had studied the
possibility of using carbohydrates as sources of dietary
energy of a commonly cultured fish, the rainbow trout. Fish
were divided, into six groups and fed with a basal diet
mixture and with other supplements for 47 days. The basal
diet mixture consisted of 75% fish meal, 23.5% casein and
1.5% mineral and vitamin premix. The different supplements
to be investigated were:
(1) Basal mixture itself
(2) One monosaccharide (glucose)
(3) Two dissaccharides (sucrose and lactose)
(4) One polysaccharide (gelatinized maize starch)
(5) One* f at (sunflower oil)
(6) One protein of low quality (gelatin)
It was found that protein utilization of the fish
was increased by the presence of each of the nitrogen-free
supplements, but decreased when either the basal mixture or
gelatin was supplemented. This proved that metabolizable
energy rather than one or more of the amino acids was the
limiting factor of growth. In fact, with the exception of
lactose and gelatin, all supplements improved the overall
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efficiency of utilizing*--_-.,-, gross energy.
In another experiment by the same authors, they
blended 10% and 40% of either sucrose and maize starch to
the basal mixtures and thus reducing the dietary protein
content from 68% to about 34%. Their study again showed that
the protein utilization was increased throughout with
increasing carbohydrate content in the diet. Moreover,
nitrogen retention had been raised to about 30% in sucrose
diets and up to 40% in starch diets. Therefore, both
carbohydrates can be used as sources of metabolizable
energy, thus saving parts of the more expensive protein in
feed mixtures. The authors also discovered that the
hepatosomatic index of the fish was raised by both sucrose
and maize starch in the diet. In addition, hepatic enzymes
responsible for gluconeogenesis such as PEP-carboxykinase
was diminished in activities. The activities of two
transaminases studied, :GPT and GOT, however, were only
depressed when about half of the dietary protein was
replaced by starch and not by sucrose. This might be due to
the lower metabolizability of sucrose in the-fish and thus
more amino acids were metabolized for energy production.
All these data indicated that the substantial
proportion of the-protein fed to rainbow trout which served
as a metabolizable source can be replaced by non-protein
supplements such as carbohydrates.
With the experiments of carnivorous fish such as
the yellowtail, it is found that they are inferior in
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carbohydrate utilization to ominivorous fish like the carp
based on the result.of digestibility (Shimeno, 1974 Shimeno
et al., 1977 Ogino Chen, 1973), glucose tolerance test
(Sato et al., 1967), and activities of amylase and hepatic
carbohydrate-catabolizing enzymes (Nagayama Saito, 1968
Shimeno 1974). Shimeno (1979) fed yellowtail with diet
supplemented with 10-20% of either starch or dextrin for 30
days. The fish tended to have slightly lower growth and feed
efficiency than control fish fed with a carbohydrate free
diet. However, it was found that the former group of fish
had higher protein efficiency and apparent protein retention
than the latter. As compared with the control group, they
possessed lower activities of gluconeogenic enzymes, and
higher enzyme activities of glycolytic and the pentose-
phosphate cycle in the liver. The data showed that a pattern
of changes in the enzyme activity was responsible for the
assimilation of dietary carbohydrate, resulting in an
adptation to a diet containing a limited amount of carbo-
hydrate. On the other hand, feeding the fish with diet
containing 40% cabohydrate caused decreases in the glucose
tolerance, some enzyme activities, and digestibilities of
carbohydrate and protein, resulting in growth retardation.
These results demonstrated the importance of addition of a
proper amount' of carbohydrate to the diet of carnivorous
such as yellowtail (Shimeno.1979).
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2.3.5 Effects of Diets on Metabolic Activities of Fish
Dietary nutrients level and dietary composition
have been shown to have profound effects on fish growth
(Paloheimo Dickie, 1966a,b Neuhaus Halver, 1969
Donaldson et al., 1979 Henken et al., 19.86). These changes
in growth rate must be related to changes in pattern of
metabolic activities and biochemical pathways inside the
animals. Diets may affect the metabolism of the fish in the
following ways (2.3.5.1- 2.3.5.5):
2.3.5.1 Nutrient utilization
As stated in Section 2.3.3, protein utilization of
fish is affected by the relative proportion of dietary
protein level and other dietary energy sources such as lipid
or carbohydrate levels (Bromley Smart, 1981 Beamish
Thomas, 1984 Henken 1986), and pH value of the diet (Maier
Tullis, 1984).
2.3.5.2- Body composition
The whole body composition of fish is an indicator
of fish quality. Numerous studies have shown that it is.
closely- related to feeding level and diet compositions
(Reinitz, 1983). Increase in feeding frequency leads to an
increase in body protein and fat,, and a decrease in body
moisture and ash in rainbow trout (Reinitz, 1983), but an
increase in body fat in carp (Meske Pfeffer, 1979).
Increasing the dietary protein levels have been shown to
.cause an increase in body protein in Arctic charr (Tabachek,
1986), an increase in body fat but decrease in moisture in
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rainbow trout (Reinitz, 1983), and have no effect on body
composition of juvenile tilapias (Jauncey, 1982). An
increase in dietary lipid levels also leads to increase in
body lipid, but a decrease in body moisture, protein and ash
in Arctic charr (Tabachek, 1986), an increase in whole body
fat but a decrease in whole body protein and moisture in
rainbow trout (Reinitz Hitzel, 1980). The study of Reinitz
and Yu (1981) also reported that the fatty acid composition
of dietary lipid had a direct effect on body fatty acid
composition of the rainbow trout.
2.3.5.3 Blood parameters
Values of blood parameters reflect the
physiological status of an organism and the response to
internal and externals factors. However, the data of dietary
effects on fish blood parameters are scarce. Hilge (1979)
had fed four isocaloric diets with increasing amounts of
protein and lipid to young carp and tested the changes in
some blood parameters of the fish. He discovered that
increase in dietary protein and fat levels led to a decrease
in hemoglobin and hematocrit values. Higher dietary lipid
content alone seemed to be correlated, with high erythrocyte
number, while lower mean corpuscular volume (MCV), and mean
corpuscular haemoglobin (MCH) values were found. In another
study with the rainbow trout, it was found that increase in
dietary protein level led to an increase in plasma
cholesterol, glucose and protein but a decrease in
hemoglobin level in the fish (Alexis, 1986).
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2.3.5.4 Enzymatic activities
Enzymatic activity is an important parameter
related -to metabolism and it responds quickly to changes in
dietary feeding level and composition.
Changes in dietary protein level have been shown
to affect aminotransferase activity in fish (Jurss, 1981).
In Anguilla japonica, both alanine aminotransferase (GPT)
and aspartate aminotransferase (GOT) increase with
increasing protein content and decreasing dextrin content of
the feed (Nose. Arai, 1972). Aminotransferase activity in
the liver of rainbow trout is also depressed when protein in
the diet is replaced by starch (Abel et al., 1979).
Moreover, total liver alanine aminotransferase activity of
rainbow trout is directly proportional to the protein
content and inversely proportional to the lipid content of
the feed (Jurss, 1981). Higher dietary protein level
enhances the activities of liver glutamate dehydrogenase
(GDH), GOT and GPT activities in channel catfish (Dean et
al.,r 1986). Tissue aminotransferase activities are also
enhanced by higher protein content because higher rate of
amino acids deamination and greater loss of nitrogen occur
(Dean et al., 1986).
Higher carbohydrate content.in feed have also
caused a lower rate of glucose synthesis (decrease in
activities of gluconeogenic enzymes) and higher glucose
utilization (increase in activities of glycolytic and the
pentosephosphate cycle enzymes) in rainbow trout (Pieper
Pfeffer, 1979 Shimeno et al., 1979).
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Diet of the fish should have direct effect on the
digestive enzyme activities since the food provides the
substrate for enzyme digestion. The study by Linsay et al.
(1984) showed that when different groups of cod were fed
separately with diets containing different proportion of
chitin contents, the highest gut chitinase activity was
found in the group that was fed with highest content of
chitin. Besides, the roach Rutilus rutilus has a higher
amylolytic activity when feeding on animals and a lower
activity when feeding on detritus (Hofer, 1979). In Tilapia
mossambica, gut amylase and trypsin show a positive
correlation with the diet, whereas pepsin and lipase do not
show such correlation (Nagase, 1964).
2.3.5.5 Ammonia excretion
Endogenous and exogenous amino acid sources
together make up the metabolic pool of amino acids in
animals. Changes in quality and quantity of dietary proteins
therefore affects protein metabolism. This in turn is
reflected in the quantity of, nitrogenous end products. In
teleosts, which are ammoniotelic, the principal end product
of nitrogen metabolism is ammonia (Guerin-Anecy, 1976 Brett
Zala, 1975 Elliot, 1976). Measurements of ammonia
excretion in' fish may therefore give information on the
influence of nutritional factors on protein metabolism.
Lied and Braaten (1984) fed 5 groups of cod
separately with isocaloric diets containing levels of
protein energy to total energy (PE/TE). of 28.8, 38.8, 48.0,
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57.8 and 67.4%. The excreted loss of ammonia-N was found to
be least in the group of fish fed 48.0% PE/TE. A further
decrease or increase of the feed protein concentration
increased the loss of ammonia-N. The data indicated that the
optimal level of PE/TE in diets for cod was around 48.0%.
Beamish and Thomas (1984) also measured the total N
excretion (total N. NH and urea-N) of rainbow trout fed on
different lipid/protein 3 and energy/protein. They discovered
that the total N excretion associated with each of the two
dietary protein levels, 49 and 35%, tended to-be--slightly
lower when dietary lipid and energy:protein ration were
high. This study suggested that the energy made available
through the higher dietary lipid concentration may, to -a
limited degree, have spared some catabolism of assimilated
nitrogen compounds (Beamish .Thomas, 1984)
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CHAPTER 3 EFFECTS OF STEROID HORMONES AND THYROID
HORMONES. ON GROWTH AND METABOLISM OF THE
RED SEABREAM
3.1 Introduction
There is ample evidence that several hormones have
anabolic effects on the growth of fish such as the salmonids
(Simpson, 1975/76 McBride et al., 1973),-the carp (Adelman,
1977 Lone Matty, 1981), the eel (Degani, 1985), the
tilapia (Guerrero, 1975) and the grouper (Chua Teng,
1980). Among those hormones, triiodothyronine (T),
3
testosterone and 17-estradiol have received much attention
since their growth promoting effects are well documented
(Donaldson et al., 1979 Higgs et al., 1982). However,
relatively little is known about the mechanisms of how these
hormones act. There is fragmentary evidence of the
underlying mechanisms in some species which include an
increase in appetite (Fagerlund et al., 1979a), food and
protein conversion efficiency (Ince et al., 1982 Degani &
Gallagher, 1985), protein synthesis (Lone & Matty, 1980a),
and digestive and absorptive functions (Yamazaki, 1976
Habibi et al.,- 1983). The present study is therefore aimed
at obtaining a more complete picture of- the underlying
mechanisms of,,- action of these three hormones in the red
seabream, Chrysophrys major. This can be achieved by
investigating the appetite, food and protein conversion,'
serum, liver and muscle metabolite levels, hepatic enzyme
activities and digestive and absorptive functions of the
86
fish after hormone treatment. Furthermore, in view of the
possible deleterious effects to human health after the
consumption of the hormone residues in the fish (Donaldson
et al., 1979), the rates of absorption of the hormones and
their clearance rate in the blood are also investigated. The
red seabream is chosen in this study because it is an
important food fish and is extensively cultured. A better
understanding of the anabolic effects of these hormones will
assist culturists to improve production and develop a better
management of the species. This knowledge hopefully can be
extended to other species and benefit the fish culture
industry as a whole.
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3.2 Materials and methods
3.2.1. Experimental animals
.Underyearling'red sea breams (Chrysophrys major),
weighing between 60 to 140 g were obtained directly from a
local cage culture farm. They were put into tanks of
seawater that were well aerated and had been pretreated
.with antibiotics (chloramphenic of 10 ppm) to allow fish to
recover from stress and possible infections. The fish were
starved before the experimental period. The experiment was
begun after three days of acclimation when their individual
weight and standard length were measured They were
randomly divided into 4 groups, each of which contained 45
fish, for the study of hormonal effects on their growth and
metabolism. It was found out that the fish adapted well to
the conditions'of the tank withina relatively short period
of time. since they were used to live in cages.
3.2.2 Experimental conditions
The four experimental groups included a control
group which was fed with hormone untreated diet. The diets
of the other 3 groups were treated with 3 ppm (3mg/kg diet)
testosterone, 3 ppm 17. -estradiol and 3 ppm tri-
iodothyronine, respectively. Artificial,.dry pellets were used
as•:the diet.., the composition of which was shown in Table
3.1. The fish were fed to satiation twice per day for 30
days.
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Table 3.1 Dietary Composition of fish diet







The volume of each of the four tanks was 3400
litres. The water used for rearing was directly pumped from
the surrounding seawater but which had' been previously
filtered and sterilized by ultraviolet light. The water in
the tank was- changed every other days to prevent algal
blooming and the accumulation of metabolic wastes. Water
0
temperature and salinity were maintained at around 25 C and
33%o.., respectively, throughout the experiment. Since the
tanks were outdoor tanks, the experimental fish received the
natural prevailing photoperiod (12h L: 12h D)' (September-
October).
After 30 days of feeding, all fish were reweighed
and their length remeasured. In addition, 6 fish from each
group were randomly chosen and then sacrificed. Various
tissues from the fish were taken out for enzymatic and
biochemical analyses. Blood was collected by severing the
caudal peduncle, allowed to clot and serum was obtained
after centrifugation. The 'whole liver was excised and
weighed. The rinsed anterior gut was homogenised in 0.8%
NaCl, centrifuged and the supernatant was collected. A
piece of epaxial muscle was also collected. All the above
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tissues are stored frozen at -20 C until further analysis
(within two months). The entire gonad was also dissected
out, weighed and fixed in Bouin's solution.
Hormone treatment was withheld after a feeding
period of 30 days, the remaining fish of the four groups
(after sampling) were all fed with the control diet and
serum blood samples of fish of each group were collected at
24 and 48 hours after the last hormone feeding. The serum
samples were then analysed for. the changes in concentration
of testosterone, estradiol and triiodothyronine by
radioimmunoassav.
3.2.3 Preparation of hormone treated diet
Two steroids hormones, namely testosterone and 17
-estradiol, and one thyroid hormone, triiodothyronine (T)
3
were incorporated into the diet in the following manner:
the three hormones (30 mg each) were dissolved separately in
300 ml of absolute ethanol (in case of T, it is necessary
3
to dissolve the hormone in minimal amount of 1 M NaOH before
the addition of alcohol). 30 ml of each hormone-ethanol
solution was then sprayed separately and equally onto 1 kg
dry pellets. The final concentration of the hormones in
pellet was 3 ppm (3 mg hormone/kg diet). After the
0
evaporation of the ethanol, the diets were stored below 0 C
to avoid any degradation of the hormones.
3.2.4 Growth measurement
The initial weight and standard length(day 1) and
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final weight and standard length (day 30) of all fish in
each group were measured. The growth of fish was expressed
in terms of weight gains (to the nearest 0.1 g) and specific
-1
weight increment(% d), which is defined as (weight
-1
gain/initial weight of fish) x 100 x day (Bromley
Smart ,1981), change in length (to the nearest 0.1 cm) and
-1
specific length increment-(% d).
3.2.5 Appetite, food conversion efficiency and protein
of f ec iency ratio
Appetite of the fish was expressed in terms of
-1
specific feeding rate.(% d) which is defined as (dry
-1
weight of food eaten/initial weight of fish) x 100 x day
(Bromley Smart, 1981).
Food conversion efficiency (FCE) is the live
weight gain of fish per unit dry weight of food consumed
(Ince et al., .1982) while protein efficiency ratio (PER) is
the live weight gain per unit protein consumed (Cowey &
Sargent, 1972).
3.2.6 Blood sampling and biochemical analysis
3.2.6.a Collection of serum
A cut was made at the caudal peduncle of the fish
and blood was collected from caudal artery directly into a
micro-centrifuge tube (volume 1.5 ml). The blood sample was
allowed to stand at.room temperature for at least 30 minutes
and then centrifuged.-The clear supernatant layer, which was
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the serum, was drained into another clean micro-centrifuge
0
tube and stored at -20 C until later analysis.
3.2.6.b Haematocrit value
A small proportion of the blood sample was
collected using. ammonium heparinized micro-haematocrit tube
(Dade B4415-20). The tube was then flame-sealed at one end
and spun in a micro-haematocrit centrifuge (IEC MB
Centrifuge) for 5 minutes at 10,000 RPM. Immediately after
centrifugation, the height of the whole blood specimen in mm
(Hi) and the height of the red cell column (H2) were
measured. The haematocrit value in percentage was calculated
as follows:
Haematocrit(%)= H2/H1 x 100
3.2.6.c Serum total proteins
Determination of serum proteins was based on Lowry
et al. (1951) as modified by Hartree (1972), using bovine
serum albumin as standard.
3.2.6.d Serum albumins
Serum albumins concentration was measured
using the binding of bromcresol green to albumin according
to Sigma Procedure 630, except that 3 ml of albumin color
reagent was used.
3.2.6.e Serum globulins
Serum globulins concentration was measured using
the interaction of tryptophan, an amino acid present in
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relatively high quantities in serum globulins, with glyoxy-
lic acid according to Sigma Procedure 560 except that 5 ul
of serum and 3 ml of globulin color reagent were used.
3.2.6.f Serum 04-amino acids
Concentration of serums(-amino acids was measured
according to Matthews et al. (1964) and leucine was used as
standard (0.2 g/100 ml leucine)
3.2.6.g Serum ammonia
Concentration of serum ammonia was estimated by
using an enzymatic method involving. L-glutamate
dehydrogenase :which catalyses the reductive amination of o(-
ketoglutaric acid, according to Sigma Procedure 170-A.
3.2.6.h Serum glucose
Serum glucose level was measured by a coupled
glucose oxidase-peroxidase reaction( Sigma Procedure 510).
As' the serum protein will interfere the reaction, 20 ul of
serum sample was first deproteinized by the addition of 0.3
M barium hydroxide and 0.3 M zinc sulphate. Glucose' (0.1
mg/ml) was used as standard.
3.2.6.1 Serum total lipids
Estimation of serum.total lipid was performed
using a sulpho-phospho-vanillin reaction as described by
Woodman and Price (1972). The lipid standard was prepared
from serum of red sea bream by the extraction method as
described by. the same authors.
3.2.6.j Serum total cholesterol
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The procedure for the determination of serum total
cholesterol involved use of enzymes cholesterol esterase,
cholesterol oxidase and peroxidase coupled with the p-
hydroxybenzenesulfonate and 4-aminoantipyrine chromogenic
system according to Sigma Procedure 351.
3.2.6.k Serum triglyceride
Serum triglyceride was estimated by enzymatic
hydrolysis of triglycerides to glycerol and free-fatty acids
followed by enzymatic measurement of the glycerol released,
according to Sigma Procedure 336 except triolein in
isopropanol (300mg/ml) was used as standard.
3.2.6.1 Serum non-esterified fatty acid
Method of determination of serum non-esterified
fatty acid involved enzymatic reactions( Acyl CoA
Synthetase (ACS), Acyl CoA Oxidase (ACOD) and Peroxidase
(POD)) to form a purple complex according to Wako (Code
279-75401). The intensity of the color complex was then
measured spectrophotometrically.
3.2.6.m Serum vitellogenin
The presence of alkali-labile protein phosphate
group in protein vitellogenin forms the basis of
determination, of vitellogenin in blood. 'The method of
determination was based on that of Craik and Harvey (1984)
with some. modifications. A volume of 20- 50 ul of serum was-
mixed with 5 ml-12% TCA and allowed to stand overnight at
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room temperature. The solution was centrifuged at 2000 RPM
for 10 minutes and the supernatant was discarded. The
precipitate obtained was reincubated in 5 ml 12% TCA for 30
0
minutes at 90 C and was then extracted with 3 ml hot ethanol
followed by 3 ml of chloroform-ether-ethanol mixture
(1:2:2 V:V:V). The precipitate was allowed to dry by
standing at room temperature for 3 hours. Blank tube
(containing nothing) and standard (containing 0.5 ml
standard phosphate 219.5 mg dry KH PO /1: 0.5 ml=0.025 mg
2 4
P) were prepared and were then treated identically to the
sample tube. All tubes were treated with 1 ml 2 M NaOH and
0
then heated at-100 C for 20 minutes, cooled and 1 ml 2 M HC1
was added. The phosphorus in the sample was then determined
by Fiske and Subbarow method according to Tietz (1976).
3.2.6.n Serum ions concentration
Serum sodium, potassium and calcium ions
concentration were determined with a flame photometer (PHF
90D, ISA) and serum chloride concentration was determined
with chloride meter (Corning-eel 920).
3.2.6.o Serum hormonal levels
(A) In an experiment to study- the time course of changes
in blood hormonal level *after feeding the respective
hormone-treated diet, three groups of fish (25 each group)
feeding separately with testosterone,- estradiol and
triiodothyronine treated diet, were set up. They were fed
only once and 4 of them were sacrificed at 3, 6, 12, 24 and
72 h after feeding. In addition, 4 hormone untreated fish
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were killed at time zero (time of feeding) and at the same
time intervals as the hormone treated fish. Serum of the
fish were obtained as decribed above and levels of hormone
were measured by the RIA kits. In the testosterone treated
group, changes. in all the three hormones levels, namely
testosterone, estradiol and T were measured. In the
3
estradiol treated group, only changes in estradiol level
were measured while in T treated group, only changes in T
3 3
level were measured.
(B) Blood samples were also taken from 4 fish of each group
at 24 and 48 hours after hormone withdrawalat day 30. The
serum levels of the respective hormones in each group were
determined by the radioimmunoassay kits (Immuchem Corp.:
Testosterone- IMM1102-D Estradiol- IMM1017 T-
3
IMM12800).
3.2.7 Muscle and liver (tissue) metabolites analysis
The body cavity was'cut open by two connecting
incisions: one ventral-medial and one ventro-transverse.
The entire liver was then excised and weighed to obtain the
hepatosomatic index(%) (HSI= liver weight/body weight x
0
100). The liver was then stored.at -20 C until further
analysis.
A piece of epaxial muscle with skin peeled off was
also stored in the same manner.
3.2.7.a Tissue water and lipid content
0
Tissue samples were.dried in oven at 105 C and
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their water content were calculated from the difference in
weights. Petroleum ether was added to the dried samples to
extract lipid. The petroleum ether was decanted at the
completion of extraction and lipid content of samples were
calculated by weight differences.
3.2.7.b Tissue protein
Appropriate volumes of tissue homogenates (20 ul
of 10 fold saline diluted liver homogenate or 20 ul of 40
fold alkaline diluted muscle homogenate) were used for
protein determination. The method was according to Hartree
(1972) as stated previously (section 3.2.6.c).
3.3.7'.c Tissue 0.-amino acids
In determination of of-amino acids in muscle, 2.5
ml of 5% TCA was first added to 50 mg of muscle sample for
deproteinization. 25 ul sample was then taken out for
analysis according to Matthews et al (1964) (Section
3.2.6.f).
3.2.7.d Tissue glycogen
The method of glycogen determination used was that
described by -Murat and Serfaty (1974) with some micro-
modifications. Appropriate volumes of tissue homogenates
(200 ul of 10 -mold diluted liver homogenate or 200 ul of 5
fold diluted muscle homogenate) were used. Firstly, 100 ul
enzyme solution (amyloglucosidase in citrate buffer pH 4:
2mg/ml) was added to the homogenates. After the mixture was
incubated overnight at room temperature, it was centrifuged
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and 100 ul of the supernatant was used for glucose assay as
described in Section 3.2...6.g.
3.2.8 Liver enzyme activities
Liver samples (around 100 mg) were homogenised in
0.9 ml ice-cold 0.8% saline solution by a homogenizer
(Ultra-turax). The homogenates were then centrifuged and the
supernatant obtained was used in later analysis. All the
0
assays were carried out at*25 C (the temperature at which
the fish was reared) and enzyme activities were expressed as
amount of substrate digested or product formed per amount of
total protein per minute.
3.2.8.a Glucose-6-phosphate dehydrogenase (G6PDH)
A series of reaqents were prepared as follows:
Tris buffer Tris 50mM (6mg/ml)




Two ml Tris buffer, 0.1 ml NADP and 0.1 ml liver
sample were added to a 1 cm c.uvette and were thoroughly
0
mixed. The reaction mixtures were incubated at 25 C for 5
minutes. The reaction was then initiated by the addition of
0.05 ml glucosx -6-phosphate. The cixvette-was immediately
pushed into the spectrophotometer (Spectronic 21, Bausch
Lomb) and the change in absorbance at 340nm was followed for
3 minutes. The enzyme activity was calculated as the change
in absorbance over time course according to the equation:
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Volume activity U/ ml= E x 0.161
where U is the activity of enzyme in u mol. of NADPH
produced per minute and E is the absorbance.
3.2.8.b Fructose-l,6-diphosphatase (FDPase) and glucose-6-
phosphatase (G6Pase)
The activities of hepatic. G6Pase and FDPase were
assayed with 100 fold saline diluted liver homogenate.
G6Pase activity was assayed by modification of the
method of. Harper (1963) according to Fung (1980). The
reagents used are as follows:
Cacodylate buffer (0.1 M, pH 6.5)
Glucose-6-phosphate (0.08 M)
FDPase activity was measured by method asdescribed
by Marcus (1967). The reagents were used as follows:
Tris- EDTA buffer containing:





The assays of the activities were run together. For
G6Pase,. 0.1 ml of the cacodylate buffer and 0.1 ml of 0.08M
glucose-6-phosphate were mixed together in test tubes. The
reaction was started by the addition of 0.1 ml liver
homogenate and allowed to proceed for 30 minutes. The
reaction was terminated by adding 2 ml 10% trichloroacetic-
acid.
In the assay of FDPase activity, 0.1- ml Tris-EDTA
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buffer was mixed with 0.1 ml 10 mM fructose-1,6-diphosphate.
The reaction was started by adding 0.1 ml liver homogenate.
The reaction was stopped by the addition of 2 ml 10%
trichloroacetic acid after exactly 45 minutes of incubation.
Since. G6Pase and FDPase catalyse the following
reaction:
Glucose-6-phosphate glucose+ inorganic phosphate
fructose-6-phosphateFructose-1,6-diphosphate
inorganic phosphate
The activities of these two enzymes were measured
by the rate of'formation of inorganic phosphate. The amount
of inorganic phosphate liberated was determined by the
procedure of Fiske and Subbarow (1925).
Tissue controls as well as reagents controls for
both assays were also carried out. The enzyme
activity was expressed as u mol phosphate released/ mg
protein/ h.
3.2.8..c* Lactate dehydrogenase (LDH)
The activity of LDH was determined
spectrophotometrically with pyruvate and NADH by following
the rate of oxidation of NADH according to Bergmeyer (1974)
and the waveleriath used was 340 nm.
3.2.8.d Isocitrate dehydrogenase (ICDH)
The activity of ICDH was determined
spectrophotometrically with isocitrate and NADP by






NADPH according Bernt and Bergmeyer (1974). The liver sample
was 100 fold diluted and the wavelength used was 340 nm.
3.2.8.e Glutamate-oxaloacetate transaminase (GOT) and
glutamate-pyruvate transaminase.(GPT)
The methods of determination were those according
to Sigma Procedure 505, except that incubation was carried
0
out at 25 C. The unit is SF units which is defined as the
quantity of enzymes that will produce 1 nmole of NADPH per
0
hniir- 7C r
3.2.8.f Glycogen phoshorylase a
The method of determination was described by
Sheridan et al. (1985) with micro-modification. The reaction
was initiated by adding 200u1 of liver homogenate to 200u1
of buffer and 600u1 of reagent mixture and the change of
absorbance was measured at 340nm.
3.2.9 Intestinal enzyme activities
The whole viscera (including the fat ).was excised
and weighed to determine the viscerosomatic index(%)
(viscera weight/body weight x 100). The anterior half of the
intestine was selected for the studying of enzymatic
activities. Any fat on the serosal side of the anterior
intestine was trimmed off. This'section was then split open
and rinsed in ice-cold 0.8% saline for three times to remove
any.food particles sticking on it. After blotting for excess
water and weighed, the intestinal section was homogenised
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with 4 ml ice-cold 0.8% saline in an ice batri by a
.homogeniser (Ultra-turax). The homogenate was centrifuged to
spin down the cell debris and the clear supernatant was used
for the subsequent determination of enzymatic activities.
The activities.of enzymes were expressed .in terms of amount
of substrate digested or product formed per amount protein
per min or otherwise stated. The changes in enzymatic
activities of some selected enzymes (total proteases,o-
amylase, -glutamyltranspeptidase, leucine nitroanilidase and
alkaline phosphatase) over a range of temperatures and pH
were also analysed so as to determine the optimal
temperature and pH for the actions of the enzymes. The gut
pH of three fish was also measured by using a glass
capillary electrode coupled with an acid-base analyser
(Radiometer Copenhagen PHM 71 Mk 2).
3.2.'9.a Total proteases
The method of determination was modified from
Charney and Tomarelli (1947). The reagents used were as
follows:
2% W/VAzocasein in tris buffer pH 7.7
5% W/VTrichloroacetic acid (TCA)
0.5 MSodium hydroxide
Half a ml of azocasein substrate, 0.3 ml of
intestinal supzrnatant and 0.2 ml of 0.8% saline were mixed
throughly in a test tube and the reaction mixture was
0
incubated at 25 C for one and a half hour. The reaction was
stopped -.by. the addition of 4 ml 5% TCA. The yellow
precipitate was filtered off and 2 ml of clear filtrate was
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obtained. Two ml of 0.5 M NaOH was added to the 2 ml
filtrate and the absorbance of the resulting solution was
measured at 440 nm. A blank was set up by replacing the 0.3
ml of enzyme supernatant by 0.3 ml of azocasein solution in
the reaction mixture. Undigested value was also obtained by
diluting the azocasein-solution 200 times with water and 2
ml of this solution was added to 2 ml of 0.5 M NaOH as
described previously.
The unit was expressed as velocity constant (K)
per g. protein and K is defined as:
K= 1/t x 2.3-x log (C1/C2)
where Cl, C2 are the initial and final azocasein
concentrations, respectively and t is time in min.
3.2-9.b' O(-amylase
The method of determination was modified from
Smith and Roe (1949). The reagents used were as follows:
Soluble starch solution 1.2% (W/V)
Phnsnh- huffPr (7.62g. KH2PO4+
20.45g Na2HPO4)/1
pH 7.2
Iodine working solution. (7.5 g KI+ 0.75 g
iodine)/1
The reaction mixture, containing 1 ml starch
Solution, 1 ml phosphate buffer and 200 ul of intestinal
supernatant, were. added and mixed thoroughly in a test tube.
0
they were incubated at 25 C for 1 hour. The reaction was
stopped by taking 20 ul of the reaction mixture out to
another tube which already-contained 3 ml iodine working
solution. The absorbance of the resulting solution was
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measured at 580 nm. A blank was set up by replacing 1 mi
starch solution by water and the undigested value was
obtained by replacing 200u1 enzymes by water. The subsequent
steps were the same as the sample tube. The unit was
expressed as mg starch digested per g protein per min and
amount of starch digested was calculated as follows:
(E of undigest- E of digest)/ E of undigest x 60
where E is the absorbance and 60 is the initial
concentration (mq) of the starch solution.
3.2.9.c' -glutamyltranspeptidase. ('-GT)
The activity of 6-GT was determined by measuring
the amount of p-nitroaniline liberated by enzymatic reaction
per unit time spectrophotometrically according to Szasz
(1974) except that 200 ul of enzyme supernatant was used and
the unit was U/g protein where U is equal to umol of product
formed per minute.
3.2.9.d Leucine nitroanilidase (LAP)
The activity of LAP was determined spectrophoto-
metrically by measuring the amount of diazotizated p-
nitroaniline liberated on enzymatc hydrolysis followed by
diazotization as described by Appel (1974), except the
volume of intestinal supernatant used was 50 ul and-the unit
was U/uq protein.
3.2.9.e Alkaline Phosphatase
The activity of alkaline phosphatase was
determined spectrophotometrically by measuring the amount of
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4-nitrophenol liberated per unit time as described by Walter.
and Schutt (1974).
3.2.9.f Lipase
The procedure involved the hydrolysis of tri-
glycerides in olive oil into fatty acids whose concentration
was determined by titration, according to Sigma Procedure
800, except the time of incubation was 24 hours instead of 6
-3
hours and the unit was U x 10. per g protein and U is equal
to umol fatty acid formed per min.
3.2.9.g disaccharidases
The 'method of determination was described by
Dahlqvist (1974) and the unit was mg substrate digested per
q protein.
3.2.9.h Cellulase
The method of determination was according to
Stickney and Shumway (1974) who measured the changes in
viscosity of cellulose solution by viscometer as the basis
measurement of activity. The reaction mixture was composed
of 5 ml 0.2% carboxymethylcellulose (CMC) in phosphate
buffer (pH 6.8) and 0.5 ml of intestinal supernatant. The
flow rates of the substrate were observed at 0, 15, 30, 45
and 60 mins after started. The unit of enzyme activity was




The intestinal protein was also determined by the
modified Lowry method (Hartree, 1972), as described in
Section 3.2.6.c by using. 20' ul of the intestinal
supernatant.
3.2.10 Gonad sampling and histology
The entire gonad was excised from the peritoneal
cavity and weighed to determine the gonadosomatic index(%)
(Gonad weight/ body weight x 100). The gonad was then fixed
in Bouin's solution and* later stained by Delafield
Hematoxylin and Eosin stain for histological study.' The sex
and the. stage of development of the gonad were thus
determined.
3.2.11 Statistical analysis
Data were presented as mean+ standard error of




3.3.1 Effects on growth parameters
The data of weight and length increments of the
four experimental fish groups are shown in Table 3.2 and
Fig. 3.1 and 3.2. The data showed that the growth rate (in
terms of average weight increments, average length
increments and specific growth rate) of the fish were in the
descending order of Testosterone (Te) Triiodothyronine
(T) Control (C) 17 -Estradiol (E2). That meant Te-
3
treated and T.-treated groups had higher growth increments,
3
whereas E2-treated group had lower growth increments than C
group. The specific weight increment(% weight gain per day)
of Te and T groups were +90% and +75%, respectively, higher
3
than that of C. For the specific length increment(% length
gain per day), the-respective values of Te and T groups
3
were +48% and +5% over that of C. On the other hand, the
estradiol-treated group (E2) had a slightly negative
specific weight increment (-4%) and specific length
increment (-43%) than that of C.
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3.3.2 Appetite, food conversion efficiency and protein
conversion efficiency
Although only 'T and Te groups showed higher
3
growth rates over C, the appetite, food conversion
efficiency- and protein efficiency ratio of all the three
hormone-treated groups were higher than that of C (Table
3.2). Regarding the appetite (in terms of the specific
feeding rate), T group showed the highest percentage gain
3
of appetite over control (+50.00%), followed by Te and E2
group which showed +34.38% and -9.38%, respectively over C.
However, Te group showed the highest percentage gain,. of food
conversion efficiency (FCE) and protein efficiency ratio
(PER) over control (+39.07% and +39.13%, respectively) among
the three groups. The respective values of FCE and PER in T
3
were +18.57% and +18.84% and the values for the E2 group
were +5. 16-% and +5.8 0%.
3.3.3 Serum metabolites
It could be seen that haematocrit values of the
three hormone-treated groups did not differ significantly
from the control (Fig 3.3). This showed that the changes in
other serum metabolites were real changes in quantity,
rather than due to haemodilution or haemoconcentration. All
of the three hormones elevated the concentration of serum
proteins and o -amino acids (Fig 3.4). Each of the three
hormones caused an increase in serum globulin concentration
(Te: +30.4% E2: +39.5% T: +23.3%) andOC-amino acids
3
concentration (Te: +59.1% E2: +97.8 T: +46.4%) (Fig 3.4).
3
Both E2 and T also caused an increase in serum albumin
3
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concentration (E2: +54% T: +61.3%) (Fig 3.4). The total
3
protein concentration, however, was only elevated in the E2
group (+52.3%) (Fig 3.4). Of the yolk precusor protein,
vitellogenin, only the E2 group has significantly higher
value than the control (+208.2%) (Fig 3.5).
There was also an increase in glucose
concentration (Te: +99.6% T +59.7%) and ammonia
3
concentration (Te: +65.8% T: +28.8%) in either Te group or
3
T group (Fig 3.5). E2 has no effect on. both of these
3
parameters. Only the two steroid hormones (E2 and Te) were
found to have effects on lipids concentration (Fig 3.6).
Either Te or E2 has elevated the concentration of total
lipids (Te: +46.2% E2: +83.5%) and cholesterol (Te: +58.8%
E2: +76.3%)(Fig 3.6). Only Te has caused an- increase in
triglyceride concentration (+171.4%). T was found to have
3
no siginificant effects on the concentration of any of these
three lipid parameters measured (Fig 3.6).
The three hormones were found to have no effect on
++ 2+-
most.of. the electrolytes (Na, K, Ca and C1) measured
2+
except that E2 or T was found to elevate Ca concentration
3
(E2: +23.8% T.: +22.01) (Fig 3.7).
3.3.4 Serum hormone level
(A) A single hormone treatment
1) Testosterone treated fish
Serum levels of testosterone,. estradiol and T
3
were measured at various intervals after they were fed once
3
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with a testosterone treated diet.
Te level of the control was found to be more or
less constant throughout the 72 hours peroid (Fig 3.8).
However, Te level of the Te treated fish rose rapidly
during the first three hours after feeding and started to
decline rapidly at first (3 h to 12 h) and then gradually
(12 h to 72 h). At 3 hours after feeding, Te level was
+83.3% of control. It began to drop to +41.2% of control at
6 hours, to only 27.3% at 12 hours and .rose. a little to
+33.3% at 24 hours. There was no significant difference in
Te level between the two groups after 72 hours of 'feeding
(Fig 3. 8).
E2 levels of both control and Te treated group
over a period of 72 h after feeding showed a similar- trend.
The levels rose- from 0 to 3 h and began to drop until 24 h
and then _-rose.* again. This trend might indicate a daily
fluctuation of hormone levels of the fish. However, E2 level
of the Te treated fish at 3, •6 and 24 h were significantly
higher than the control (3 h: +52% 6 h: +65.5% 24 h:
+61.3%) (Fig 3.9).
It was found that T level of both control and Te
3
treated fish fluctuated a lot' throughout the 72 h period.
There were, however, no significant difference in T level
3
between the twb groups over the whole period
(Fig 3.10).
2) Estradiol treated fish
E2 level of the untreated control fish were
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approximately constant throughout the /2 n perioa. vn zne
other hand, E2 Level of the E2 treated group showed a
several fold increase in value over the control. E2 level
rose sharply during the first three hours (+852.1%) and
began to fall from 3 h to 12 (6 h: +558.5% 12 h: +412%).
E2 levels rose again from 12 h to 24 and at 24 h, the E2
levels was +1352.4% (14 fold) over that of control. The
level fell again once more afterwards and reached a value at
72 h which was not significantly different from that of
control (3.11).
3) T. treated fish
3
T level again fluctuated considerably in both
3
groups of fish. The level in control decreased at first
until 12 h and then rose. The level in T treated fish
3
fluctuated throughout the whole period. At 6 h and 24 h, the
T values of T treated group were significantly higher than
3 3
that of control (6 h: +60.6% 24 h: +86.8%) (3.12).
(B) 30 days of hormone treatment
For all the three groups of fish which had
received the respective hormone-treated diet for 30 days,
the levels of the respective.hormones were not significantly
different from that of the untreated control 24 and 48 hoursJ
after the last feeding (Table 3.3).
3.3.5 Intestinal hormone absorption
Since the amount of each hormone ingested and the
level of their increase in blood are known, it is possible
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to estimate the percentage of each hormone absorbed through
the gut. The percentage of absorption of each of the three
hormones are shown in Table 3.4. Since the Te treated fish
also showed an increase in blood E2 level, the absorbed Te
might have induced endogenous production of E2 in fish or Te
might have been converted to E2. If the latter notion was
true, the amount of Te converted to E2 should be added to
the rise in level of Te in blood in Te treated group. This
enables the estimation of the actual value of the Te
absorbed in the Te treated group. For the E2 and T- groups,
3
it is assumed that the absorbed hormones are not converted
to other forms. Amount of hormone absorbed are caculated at
3 h value for Te and E2 group and at 6 h value for T group.
3
Weight `of fish is taken as 100 g, amount of feed ingested is
1% body weight and the amount of hormone in feed is 3 ppm.
Blood volume of the fish is taken as 3% body weight
(Randall, 1970 Yu, 1984).
3.3.6 Liver metabolites
All of the three hormones did not affect the
contents of liver water, lipid and protein. Either Te or T,
3
however, has'-caused an elevation of glycogen content (Te:
+46.5% T: +26.4%) (Fig 3.1.3).
3
3.3.7 Liver enzyme activities
The three hormones were found to have profound
effects on liver enzymes activities. All the three hormones
have increased the activity of isocitrate dehydrogenase
(ICDH) (Te: +50.7% E2: +47.9% T: +33.8%), glutamate-
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:pyruvate transpeptidase (GPT) (Te: +338.0% E2: +2U3.U% T
3
+450.0%) (Fig 3.14 3.15). Either Te or T has caused an
3
elevation in activity of fructose-1,6-diphosphatase (Te:
+42.6% T: +54.2%) and glucose-6-phosphatase (Te: +31.0%
3
T: +35.8%) (Fig 3.15). T caused an elevation of the
3 3
activity of glucose-6-phosphate dehydrogenase (G-6PDH)
(+54.3%) and glycogen phosphorlyase a (+137.4%) while E2
caused a decrease in the activity of lactate dehydrogenase
(LDH) (-48.7%) (Fig 3.14 3.15). However, the activity of
glutamate-oxaloacetate transpeptidase (GOT) were found to be
unaffected by the three hormones treatment (Fig 3.14).
3.3.8 Muscle metabolites
Administration of the three hormones did not lead
to any significant changes in the five muscle biochemical
parameters (water, protein, lipid, 04-amino acids and
glycogen) measured (Fig 3.16 3.17).
3.3.9 Gut enzyme activities
The gut pH of the fish was 7.75+0.06 by measuring
the pH of three fish. The optimal temperature and pH for the
five selected. gut enzymes were shown in Table 3.5. The
optimal pH for the enzymes, except alkaline phosphatase, was
within a short'range from 7.2 to 8.5. However, the optimal
temperature of the enzymes differed considerably. Some
enzymes (-amylase and alkaline phosphatase) had optimal
0
.temperature for functioning at 35.C, a temperature which is
0
fairly close to the physiological temperature (25 C) of the
fish. Other enzymes, however, had their optimal temperature
o
for functioning at as high as 65 C (K-gutamlytranspeptidase
and leucine nitroanilidase). The three hormones did have
effects on activities on some of the intestinal enzymes.
All of the three hormones enhanced the activity of
leucine nitroanilidase (Te: 89.0%; E2: 41.4%; T: 86.3%)
3
(Fig 3.27). Both Te and T enhanced the activity of alkaline
3
phosphatase (Te: 135.1%; T: 86.6%) (Fig 3.27). Te alone
3
also caused an elevation of activity of X~
glutamyltranspeptidase (79.1%) while T alone enhanced the
3
activity ofp-amylase (50.6%) (Fig 3.27; 3.28). E2-has only
enhancing effect on the leucine nitroanilidase activity
among all the enzyme activities determined (Fig 3.27).
However, the activities of total proteases, disaGcharidases,
lipase and cellulase were found to be unaffected by the
hormone treatments (Fig 3.27; 3.28; 3.29,-3.30).
3.3.10 Gonad histology
Only the T group had enhancing effect on the GSI
3
of the fish and it could be seen from the values of the GSI
and the magnification of the sections that the gonads of the
T group were about two times of the other three groups.
3
However, the sex and the stages of development of the(gonads
of the four groups were similar. They were all developing
female with polynuclei oocyte. Male parts of the gonad was
not pronounced. However, the volume of the matrix of the
gonad showed some difference among the four groups. The T
3
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group had the largest volume ana the volumes of the other
three groups were similar in value (Fig 3.31 to Fig 3.36).
Table 3.2 Effects of Hormones on Growth Parameters of Red Sea Bream








































































0.69 0.96 0.73 0.82
() Standard Error










































































(a) All E2 in this group is assumed to be produced by the conversion of
absorbed Te in the diet. The amount absorbed is E2 value.
(b) The combined value of row 1 and row 2.
(c) Since there is no increase in T3 levels after Te treatment,
no calculation is made.
Table 3.5 Optimal Temperature and pH of Gut enzymes









































3-1 Feeding of red seabream with hormone-treated diets (3ppm) for
30 days:
Effects on growth (weight change).
C= Control, Te= Testosterone, E2= Estradiol, T3=
Triiodothyronine
Values= Mean (n= 45)
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3.2 Feeding of red seabream with hormone-treated diets (3ppm) for
30 days:
Effects on growth (length change).
C= Control, Te= Testosterone, E2= Estradiol, T3=
Triiodothyronine
Values= Mean (n- 45) y
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g 3.3 Feeding of red seabream with hormone-treated diets (3ppm) for
30 days:
Effects on He, GSI, HSI and VSI
C= Control, Te= Testosterone, E2= Estradiol, T3
Triiodothyronine
a: PC0.05. b: P0.02, c: P0.01, d: P0.001, compared with
the corresponding values with control.
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y 3.4 Feeding of red seabream with hormone-treated diets (3ppm) .for
30 days:
Effects on serum metabolites.
C= Control, Te= Testosterone, E2= Estradiol, T3
Triiodothyronine
a: PC0.05, b: PC0.02, c: P0.01, d: PC0.001, compared with
the corresponding values with control.
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3.5 Feeding of red seabream with hormone-treated diets (3ppm) for
30 days:
Effects on serum metabolites.
C= Control, Te= Testosterone, E2= Estradiol, T3
Triiodothyronine
a: P0.05, b: P0.02, c: PC0.01, d: PC0.001, compared with
the corresponding values with control.





















































g 3.6 Feeding of red seabream with hormone-treated diets (3ppm) for
30 days:
Effects on serum metabolites.
C= Control, Te= Testosterone, E2= Estradiol, T3-
art1p0?05!:Onbep0-02' c: P0-01' d: P0-001' compared with
the corresponding values with control.
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3.7 Feeding of red seabream with hormone-treated diets (3ppm) for
30 days:
Effects on serum ions.
C= Control, Te= Testosterone, E2= Estradiol, T3
Triiodothyronine
a: PC0.05, b: P0.02, c: P0.01, d: P0.001, compared with
the corresponding values with control.



































10 20 30 40 50 6072
TIME h)
Fig 3.8 Effects of single testosterone treatment (3ppm in diet) on the
changes in serum testosterone levels at 3, 6, 12, 24 and 72 h
after feeding.
a: P0.05, b: P0.02, c: P0.01, d: PCO.OOl, compared with
the corresponding values with control fish




























10 20 30 40 50 6072
TIME (h)
Fig 3.9 Effects of single testosterone treatment (3ppm in diet) on the
changes in serum estradiol levels at 3, 6, 12, 24 and 72 h
after feeding.
a: P0.05, b: P0.02, c: P0.01, d: PC0.001, compared with
the corresponding values with control fish







Fig 3-10 Effects of single testoste one treatment (3ppm in diet) on the
changes in serum triiodothyroire levels at 3, 6, 12, 24 and
72 h after feeding.
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Fig 3.11 Effects of single estradiol treatment (3ppm in diet) on the
changes in serum estradiol levels at 3, 6, 12, 24 and
72 h after feeding.
a: P0.05, b: P0.02, c: P0.01, d: PC0.001, compared with
the corresponding values with control fish
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TIME( h)
Fig 3.12 Effects of single triiodothyronine treatment (3ppm in diet) on
the changes in serum triiodothyronine levels at 3, 6, 12, 24
and 72 h after feeding. T3= triiodothyronine
a: P0.05, b: P0.02, c: P0.01, d: PC0.001, compared with
the corresponding values with control fish







































































































C T e E 2 T3 C Te 2 3
g 3.13 Feeding of red seabream with hormone-treated diets (3ppm) for
30 days:
Effects on liver metabolites.
C= Control, Te= Testosterone, E2= Estradiol, T3=
Triiodothyronine.,
a: P0.05, b: P0.02, c: PC0.01, d: P0.001, compared with
the corresponding values with control.
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3.14 Feeding of red seabream with hormone-treated diets (3ppm) for
30 days:
Effects on liver enzyme activities.
C= Control, Te= Testosterone, E2= Estradiol, T3
Triiodothyronine
a: P0.05, b: P0.02, c: P0.01, d: P0.001, compared with
the corresponding values with control.
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3.15 Feeding of red seabream with hormone-treated diets (3ppm) for
30 days:
Effects on liver enzyme activities.
C= Control, Te= Testosterone, E2= Estradiol, T3
Triiodothyronine
a: P0.05, b: PC0.02, c: P0.01, d: PC0.001, compared with
the corresponding values with control.
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3.16 Feeding of red seabream with hormone-treated diets (3ppm) for
30 days:
Effects on muscle metabolites.
C= Control, Te= Testosterone, E2= Estradiol, T3=
Triiodothyronine
a: P0.05, b: PC0.02, c: P0.01, d: PC0.001, compared with
the corresponding values with control.
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9 3.17 Feeding of red seabream with hormone-treated diets (3ppm) for
30 days:
Effects on muscle metabolite.
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3.18 Effects of pH on the changes in activity of gut total
proteases (rinsed gut).
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J»19 Effects of temperature on the changes in activity of gut total
proteases (rinsed gut).
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3.20 Effects of pH on the changes in activity of gut oC -amylase
(rinsed gut).
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•3.21 Effects of temperature on the changes in activity of gut c-
amylase (rinsed gut).
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3.22 Effects of pH on the changes in activity of gut
glutamyltranspeptidase (rinsed gut).
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5 3.23 Effects of temperature on the changes in activity of gut X~
glutamyltranspeptidase (rinsed gut).
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g 3.24 Effects of pH on the changes in activity of gut leucine
nitroani1idase (rinsed gut).

































15 OR 35 45 RR fi 5 7
TEMPERATURE( °C
h
3.25 Effects of temperature on the changes in activity of gu-
leucine nitroanilidase (rinsed gut).
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3.26 Effects of pH on the changes in activity of gut alkaline
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3.27 Effects of temperature on the changes in activity of gut
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3.28 Feeding of red seabream with hormone-treated diets (3ppm) for
30 days:
Effects on gut enzyme activities.
C= Control Te= Testosterone, E2= Estradiol, T3=
Triiodothyronine
a: PC0.05, b: P0.02, c: P0.01, d: P0.001, compared with
the corresponding values with control.
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3-29 Feeding of red seabream with hormone-treated diets (3ppm) for
30 days:
Effects on gut enzyme activities.
C= Control, Te= Testosterone, E2= Estradiol, T3
Triiodothyronine
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g 3.30 Feeding of red seabream with hormone-treated diets (3ppm) for
30 days:
Effects on,gut cellulase activity.
★- gut cellulase activity of the red seabream (Control
and hormone-treated: trace activities).
- gut cellulase activity of grass carp, an omnivorous
species (hormone-untreated for comparision)
Values= Mean+_ S.E.M. (n= 6).
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Fig 3.31 Gonad of control fish x 100
149
Fig 3.32 Gonad of control fish x 200
150
Fig 3.33 Gonad of Te-treated fish x 200
151
Fiq 3.34 Gonad of E2-treated fish x 200
152
Fig 3.35 Gonad of T3-treated fish x 100
Note the increase in volume of gonadal matrix
153




The growth experiment showed that oral
administration of either Te or T was effective in enhancing
3
the growth (in terms of weight and length increments) of the
red seabream, Chrysophrys 'major. The use of Te as an
anabolic agent in fish culture was well established
(Reviewed by Donaldson et al., 1979 Higgs et al., 1982) and
from the data. of the present study, the red seabream,
Chrysophrys major could be added to the list of the fish
that showed anabolic effects. T, however, was far less
3
consistent in action as an enhancer of fish growth (Gorbman,
1969 Higgs et al., 1982). However, it has been now
demonstrated that T was effective as a growth promoter for
3
red seabream when the hormonal dose in the diet was 3 ppm.
The anabolic action of Te on this fish was much higher than
that of T when using the same hormone dose (3 ppm). This
3
effect was especially noticeable in terms of length gain
over control (specific weight increment.: Te +90% T +75%
3
specific length increment: Te: +48% T': +5%). E2 (3
3
ppm) was found to have a slight retarding effect on the
growth of red seabream when compared with control (specific
weight increment: -4% specific length increment -43%).
This observation is in accordance with most previous studies
(Lorz, 1971 Buckley, 1972 Fagerlund and McBride 1975:
from Higgs et al., 1982) where E2 retarded the growth of the
fish studied.
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3.4.2 Appetite, food conversion efficiency (FCE) and
protein efficiency ratio (PER)
The growth anabolic effect of Te and T could be
3
partially' explained by their induction of appetite, food
utilization and. protein utilization of the fish. Te has been
previously shown to enhance the appetite, FCE and PER in
other fish species such as the rainbow trout (Fagerlund et
al., 1979), coho salmon (Fagerlund et al., 1979) and Chinook
salmon (Schreck Fowler, 1982). However, T did not
3
consistently stimulate appetite in most fish studied so far
(Higgs et al.,- 1977 a,b Donaldson et al., 1979 Higgs et
al., 1982) because the responses were always depending on
other factors such as dosage and season. However,
stimulation of food and protein utilization by T was
3
commonly observed (Gross et al., 1963 Higgs et al., '1977b).
Therefore, the latter mechanism seemed to be the plausible
explanation for the anabolic action of T. However, in the
3
present study, T was shown to enhance the appetite of red
3
seabream to the largest extent among the.four groups (T:
3
+50% Te: +34.38% E2: +9.38% when compared with the
.control). On the other hand, Te treated group had the
highest FCE and PER among the four groups (FCE: Te: +39.7%
T: +18.57% E2: +5.16%). Therefore, the increase in
3
appetite was a more important factor for the growth
enhancement in fish receiving T while improvement in FCE-
3
and PER were more crucial for Te-treated fish. Although the
E2 treated group had a slightly higher appetite, FCE and PER
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than the control group, nevertheless they showed lower
growth increment. This might indicate that the E2-treated
fish had lower efficiency of biosynthetic processes such as
lower protein synthetic rate and anabolic enzyme activities.
3.4.3 Metabolite concentrations and metabolic activities
(a) Effects of Te on amino acids and protein metabolism
The blood is a liquid vehicle by which major
organic nutrients are transported from the intestine, where
they are absorbed, to the liver, where they are processed,
and then-to other organs. Therefore, blood parameters area
good and direct reflection of the physiological status of
the animal.
The haematocrit value of the Te treated fish was
insignificantly-different from that of control. Therefore,
the changes in other serum metaboliteswere real changes in
quantities, rather than the result of haemoconcentration or
haemodilution. Such findings contrasted with the study of Ng
et al. (1984) who found that Te caused a large elevation of
the haematocrit value in the red grouper (+48%).
Te was found to have no effect on the
concentration of serum total proteins and albumin. However,
it 'induced the production of serum globulin (+30.4%). The
increase in concentration of globulin without concomitant
increase in total protein concentration suggested that there
was a shift in the patterns of serum protein instead of a
simple change in-the total protein quantities. This might
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reflect changes in patterns of serum enzymes or transport
proteins for metabolites. A shift in protein pattern has
also been demonstrated in the study by Peterson and Shehadeh
(1971) who found a change in plasma protein electrophoretic
pattern in MT-injected mullet.
The level of serum amino acids was enhanced in the
Te treated fish (+59%). A similar increase was also found in
the Te-injected red grouper (Ng et al., 1984). The increase
was probably due to two reasons. Firstly, there was an
increase in absorption of amino acids through the gut as
shown by an elevation in activities of protease enzymes such
as LAP and '-GT. The former enzyme is responsible for the
splitting and transporting the N-terminal leucine from
peptide while the latter plays an important role in diet
proteins absorption by pinocytosis (Fraisse et al., 1981).
14
Preliminary in vitro experiments on the transport of C-
leucine across the everted gut of Oreochromis mossambica
also showed that testosterone significantly enhanced the
mucosal absorption of radioleucine (Chung Howerton,
unpublished data). Secondly, there was an increase in amino
acid metabolism-in the liver as evidenced by the enormous
increase in activities of glutamate-pyruvate transpeptidase
(+388.0%) and an 'increase in concentration of serum ammonia
(+65.82%). In addition, activity of hepatic isocitrate
dehydrogenase.(ICDH) was enhanced so that more NADPH and ATP
were produced for protein synthesis. The fate of the amino
acid was for the building of body musculature so that a
higher growth rate occurred. The muscle protein
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content remained unchanged in the tish because muscle
constitutes a large metabolic pool. However, a higher growth
rate of Te-treated fish meant that more protein has been
deposited in the fish. The level of the female-specific
serum protein vitellogenin, was unaffected by the Te
treatment and this indicated that the endogenous conversion
of Te to E2 was not very efficient in Chrysophrys major
(see Section 3.3.4). Inefficient conversion of Te to E2 was
also demonstrated in several other fish species, a finding
which is different from that of higher vertebrates (Ng et
al.,1984 Hori et al., 1979 Sundararaj Nath, 1981).
(b) Effects of E2 on amino acids and protein metabolism
Again, the haematocrit value of the E2 treated fish was
unaffected. E2 caused an increase in concentration of serum
total protein (+52.3%), albumin (+54.0%), globulin (+39.5%)
and the yolk precusor protein, vitellogenin (+208.2%). The
increase in serum total proteins could then be explained by
an increase in amount of serum enzymes, transport proteins
for, metabolites and vitellogenin.
It is a well established fact that t2 can induce
vitellogenin production in many fish species such as the
flounder (Emmersen et al., 1979 Emmersen Emmersen, 1976
Emmersen Petersen, 1976 Petersen et al., 1983), rainbow
trout (Haux Norberg, 1985), brook trout (Whiting Wiggs,
1978), red grouper (Tam et al., 1983) and Singi fish (Medda
et al., 1980 Dasmahapatra Medd'a, 1982). The present work
showed that E2 (3ppm) could also induce the synthesis of
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vitellogenin in the immature red seabream. Vitellogenin nas
been demonstrated to have a hepatic origin in various
studies such as goldfish (DeVlaming et al., 1979, 1980), eel
(Olivereau Olivereau, 1979), catfish (Medda et al., 1980)
and red'grouper (Ng et al., 1984) and this was also true for
the red seabream. The hepatic origin of vitellogenin in the
red seabream was evidenced by a significant increase in the
hepatosomatic index of the E2-treated fish (26.5%). Although
there was insignificant difference in hepatic protein
between control and E2-treated fish, a larger liver meant
that more liver protein was manufactured.
E2 has not induced the incorporation of
vitellogenin into the gonad of red seabream since there was
no difference in gonadosomatic index and gonad histology
between control and E2-treated fish. Previous studies also
supported this observation (Campbell Idler, 1976 Upadhyay
et al., 1978 Ng et al., 198.4). In addition, the process of
vitellogenesis was also associated with many metabolic
changes. Since vitellogenin is a calcium binding lipoprotein
it is not surprising that the increase in vitellogenin
2+
production was accompanied by an increase in serum Ca
concentration 523.8%) and total lipids concentration
-(+83.5%).' The hypercalcemia which occurred after treatment
with E2 was in agreement with other studies (Olivereau
Olivereau, 1979 Hori et al., 1979 Elliot et al., 1979) and
hyperlipidemia was also-found in E2-treated fish (Wiegand
Peter, 1980 Ng et al., 1984). E2 also induced elevation of
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blood cholesterol (+76.3%) in the red seabream. However,
there were no elevations in free fatty acid and
glucose concentrations in the blood of red seabream as
demonstrated in other fish injected with E2 (Wiegand
Peter, 1980 Petersen et al., 1983).
There was an induction of amino acid metabolism of red
seabream after E2 administration, as evidenced by the two
fold increase in glutamate pyruvate transaminase, elevated
serum concentrations of protein and amino acids. The higher
titer of amino acids was probably derived from degradation
of body proteins and they, in turn, were used to synthesize
hepatic proteins including vitellogenin (Ng et al., 1984).
However, degradation of body protein was not obvious in this
study (since there were no significant increase in
concentration of serum ammonia and potassium ions when
compared with the control), but vitellogenin production was
in fact enhanced. The activities of the gut leucine nitro-
anilidase was also enhanced after E2 treatment, which might
partially account for the elevated titers of amino acids. in
blood.
(c) Effects of T on amino acid and protein metabolism
3
The dose of T used in the experiment (3ppm) could
3
enhance the growth of red seabream and an anabolic effect on
protein metabolism in this group. of fish could. be
anticipated. T did elevate the concentration of serum
3
albumin, globulin and amino acids of the fish. Similar
protein anabolic -action of thyroid hormones were also
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observed in rainbow and brook trout (Jackim LaRoche, 1973)
and tilapia (Matty et al., 1982). T enhanced the activity
3
of gut leucine nitroanilidase, which indicated. that more
amino acids were absorbed and were used for protein
synthesis. The-elevations of activities of hepatic glucose-
6-phosphate dehydrogenase (G-6-PDH) and ICDH further
suggested that more NADPH and ATP were produced for protein
synthesis.
(d) Effects of Te on carbohydrate metabolism
The level of serum glucose was elevated in the Te-
treated fish, which was in contrast with the finding in red
grouper by Ng et al. (1984) where Te exerted no such effect.
The increase could be explained by two possible reasons: (1)
an increase in the activity of gut alkaline phosphatase,
which is responsible for the phosphorylation and
dephosphorylation of glucose during the transport and
absorption- process in the gut (Fraisse et al., 1981). The
activities of other gut carbohydrases such as
,disaccharidases, cellulase- and &-amylase were. unaffected,
indicating -that Te has selective enhancing actions on gut
enzyme activities (2) an increase in the activities of two
important liver enzymes in the gluconeogenic pathway, namely
glucose-6-phosphatase and fructose-1,6-diphosphatase. This
indicated that excess amino acids were converted to glucose
via gluconeogenesis. This again contrasted with the finding
of red grouper by Ng et al. (1984) where Te exerted no
particular effects on these two enzymes.
162
The glucose thus manufactured could then be
converted to acetyl-CoA for subsequent energy production in
the TCA cycle or stored in the form of glycogen in various
tissues. The latter was confirmed in the present study since
the liver glycogen of Te-treated fish was inceased by 46.5%,
though the muscle glycogen showed no significant change.
This finding was in accordance with the studies of red
grouper (Ng et al.,. 1984) and Singi fish (Dasmahapatra
Medda, 1982).
Carnivorous fish such as the red seabream has been
considered as inefficient in utilising dietary carbohydrates
as fuel (Shimeno et al., 1979). The results from comparing
the activities of various enzymes of a carnivorous fish, the
yellowtail, and that of an omnivorous fish, the carp, showed
that the carnivorous fish possessed a lower capacity to
digest and catabolize carbohydrate, and a higher gluconeo-
genic capacity as compared with the omnivorous fish
(Nagayama Saito, 1968 Shimeno, 1974 *Shimeno et al.,
1979). Te in the present study thus both enhanced
carbohydrate metabolism by elevating the digestive
efficiency of carbohydrates and increased the efficiency of
the gluconeogenic pathway. The anaerobic glucose
catabolising capacity (glycolysis) of the fish was. unaltered
since no change in the activity of lactate dehydrogenase had
occurred.
(e) Effects of E2 on carbohydrate metabolism
E2 has been found to enhance (red grouper: Ng et
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al., 1984)'or depress blood glucose in fish (flounder: Sand
et al., 1980). In other studies, the hormone increased blood
glucose level at low doses (5ug) but caused hypoglycaemia in
higher doses (100ug) (flounder: Petersen et al., 1983).
However, the present study showed that E2 (3ppm) had no
effect on the concentration of blood glucose. Besides, the
usual depletion of hepatic glycogen after E2 treatment (Haux
and Norberg, 1985 Korsgaard Petersen, 1979 Dasmahapatra
Medda, 1982 Petersen et al., 1983 Whiting Wiggs, 1978)
did- not happen. Muscle glycogen and the activities of some
important enzymes in the pathways of carbohydrate
metabolism, such as glycogen phosphorylase a, G-6-Pase and
FDPase were also unaffected by E2 treatment. The activity of
LDH, which is the enzyme catalyzing the final step in
glycolysis, was even lowered. All these data suggested that
E2 did not affect the carbohydrate metabolism of red
seabream. The totally different actions of E2 from other
studies may be due to (i) species specificity, (ii) the much
lower effective dose of hormone used in the present study
(only -a small'% of the 3 ppm hormone was absorbed: see
Section 3-1-371-4). and (iii) different method of hormone
administration (oral administration in the present study vs.
infection in others).
(f) Effects 'of T on carbohydrate metabolism
3
T was shown to have similar* effects on
3
carbohydrate metabolism as Te. Serum glucose concentration
of the fish was elevated. This could be explained by the
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increase in activities of gut carbohydrases such as alkaline
phosphatase ando&-amylase' so that higher carbohydrate
digestibility and absorption occurred. In addition, the
increase in enzyme activities of gluconeogenesis, namely
FDPase, and G6Pase were observed. Excess glucose was again
stored in the form of glycogen in the liver but not in the
muscle. However, activity of liver glycogen :.phosphorylase
a, which was found to be directly correlated with hepatic
glycogenolysis in most of the species studied (Morata et
al., 1982 Picukans Umminger, 1979 Sheridan et al.,
1985),. was enhanced in spite of an increase in hepatic
glycogen. This finding might suggest that hepatic
glycogenolysis of red seabream was under the control of
other enzymes. A similar conclusion was also suggested in
the carp Cyprinus carpio by Murat (1976) and Picukans
Ummimger (1979) where &-amylase instead of glycogen
phosphorlyase a was responsible for the process.
(g) Effects of Te on lipid metabolism
Lipid metabolism was elevated in the red seabream
after' treatment with testosterone, which is in accordance
with the finding in the red grouper (Ng et al., 1984). In
Te-treated red seabream the increased serum lipid
concentration was probably due-to an increase in levels of
serum cholesterol and triglyceride since no change in free
fatty acid level was detected. Although no change in the
activity of hepatic G6PDH was, observed, NADPH required for
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lipid biosynthesis could still be produced in larger amounts
by the increased activities of isocitrate dehydrogenase
(Stryer, 1981) in Te-treated fish. The elevated
concentration of amino acid provided an increased supply of
acetyl-CoA for lipid biosynthesis. Hepatic and muscle
lipid content was found to be unaffected by Te-
treatment, in agreement with the findings in Singi fish
(Medda,et al., 1980) and red grouper (Ng et al., 1984). Gut
total lipase activity was also unaltered indicating Te did
not affect the lipid digestion of the fish.
(h) Effects of E2-on lipid metabolism
Similar enhancement of lipid-metabolism was also
observed in E2-treated fish. An increase in levels of serum
total lipids could be accounted for by the increase in
levels of serum cholesterol and free fatty acids because
serum triglyceride was unaffected. Liver and muscle lipid
content and gut lipase activity were also unaffected.
Enhancement of lipid metabolism by E2-treatment has also
been demonstrated in several other fish species such as the
blenny Zoarces viviparus (Korsgaard Petersen, 1979) the
dogfish Scyliorhinus canicula (Craik, 1978) the flounder
Platichthys flesus (Petersen et al., 1983) the goldfish
Carassius auratus (Wiegand Peter, 1980) and the red
grouper Epinephelus akaara (Ng'et al., 1984).
(i) Effects of T on lipid metabolism
3
The literature about the effect of T on lipid
3
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metabolism of fish is scarce. The present study showed that
T did not seem to have'any effect on lipid metabolism of
3
red seabream. The levels of serum total lipids, cholesterol,
triglyceride and free fatty acids were totally unaffected.
In addition, muscle and liver lipid content and gut lipase
activity were also remain unchanged. The larger amounts of
NADPH produced by increased G6PDH and ICDH were then all
channelled to protein biosynthesis instead of lipid bio-
synthesis and higher growth rate resulted.
(j) Relationship between fish gut pH and optimal pH of gut
enzymes
The gut pH of the fish was about 7.7 which was a
value. close to the optimal pH of functioning of the gut
enzymes, with the exception of alkaline phosphatase which
had optimal activity at pH 10.0. This indicated that the
functioning of the enzymes were well adapted in the gut of
the red seabream and the fish was efficient in enzymatic
digestion and absorption of the ingested food. The
similarity of gut pH to optimal pH of the gut enzymes have
also been shown in the goldfish, Carassius auratus (Maier
Tullis, 1984).
(k) Relationship between the temperature tolerance of the
fish and optimal temperature of the gut enzymes
The optimal temperature for the five enzymes
0 0
varied over a large range, ranging from 35 C to 65. The
findings were rather surprising since they were well out of
0
the temperature tolerance range of the fish (from 5.5 C to
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0
32 C: Fung, 1980 Woo Fung, 1980). Therefore, the enzymes
were not functioning at their optimal activities in the fish
0
during the experiment (25 C). However, raising the
experimental temperature in hope of elevating the gut enzyme
activities was found impossible because higher protein
0
depletion occurred at temperature above 25 C (Woo Fung,
1980). This was found to be due to an increase in activities
in protein catabolic enzymes such as GPT, FDP•ase, GPDase
(Fung, 1980 Woo Fung, 1981b) which would outweigh the
anabolic effects of the gut enzymes, at higher temperature.
(1) Gonad histology
The two steroid hormones were unable to induce any
effect on the size, sex and maturation of the gonads of the
red seabream. This finding was in accordance with the study
of Ng et al. (1984) on the E2-and Te-injected red grouper
but in contrast to other studies where steroid induced gonad
maturation occurred (Simpson, 1976 Yu et al, 1979 Weber
Lee, 1985). The opposite results between these studies-were
due to difference in effective hormone dosage (p. 20)
different steroid hormone used and different fish species
studied. The thyroid hormone, T increased the GSI by
3
increasing the matrix volume but was without any effect on
the sex and developing processs of the gonad.
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3.4.4 Changes in Blood Hormone Level
(A) Effects of a single hormone treatment
(i) Testosterone treated fish
Serum Te level of Te treated fish was elevated and
maintained at a significantly higher level until 72 hours
after hormone treatment. The rate of decline in blood Te
level of red seabream was much faster than that in the
yearling coho salmon fed with tritium-labelled testosterone
3
( H-testosterone) (Fagerlund McBride, 1978) where it took'
10 days for the blood Te to return to basal level. There
were several possibilities for such a difference: (i)
species differences (ii) lower-hormone dose used in the
present study (3 ppm in the present study compared with 5
ppm in the study of Fagerlund McBride, 1978) (iii)
shorter length of Te treatment in the present study (30 days
in the present study compared with 254 days) and (iv) in
the present study, Te level was measured with RIA method.
Therefore, only testosterone and hormone with high cross-
reactivity with the Te receptors were measured. However, in
the study of Fagerl.und and McBride (1978), the hormone level
was measured as the amount of total radioactivity remaining
after the administration of labelled hormone. As a result,
testosterone and all its degradation products containing the
radioactive nuclei were also measured. In the latter study,
a longer time would be needed for all the radioactive
degradation products-to be completely excreted.
There were at least two reasons for the rapid
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decline of Te level in blood of this fish. The absorption or
this hormone may be slow or incomplete so that only low
increase in blood Te level was observed (see next
paragraph). Another possibility was that rapid sequestration
of absorbed steroid by the liver has occurred so that the
hormone was quickly removed in the bile. The latter reason
rece.'ived support from studies on coho salmon (Fagerlund
McBride, 1978 Fagerlund Dye, 1979) and tilapia
(Macintosh, 1983: from Johnstone et al., 1983).
The amount of Te absorbed through the gut was also
estimated in the present study. By using the maximum serum
level of Te attained after 3 hours of Te treatment, and
assuming the blood volume of the fish to be 3% of body
weight (Yu, 1984), Te absorbed was estimated to be only
0.012%. This suggested that the intestinal assimilation of
Te was poor and only a small amonut of Te could cross the
gut wall. Such low absorption was rather suprising and it
only caused a less than one fold increase in blood hormone
level (3h: +83.3% 6h: +41.25 12h: +27.3% 24h:
+33.3%). However, this low increase in Te level was found to
be sufficient to achieve anabolic effect on the growth and
metabolism of red seabream.
In the present study, a certain% of the absorbed
Te seemed to have been converted to another steroid, 17-
estradiol. This was verified by the significant increase in
serum, E2 level in fish which have received Te treatment.
Elevated E2 level was observed at 3, 6 and 24 hours
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after Te treatment. The conversion was rapid since it took
less than three hours for the E2 level to rise
significantly. The% of Te converted to E2 was approximately
0.010. By adding this% to the% ofapparent Te absorbed,
the actual% of Te absorbed should be approximately 0.022.
Therefore, about half of the Te absorbed was converted to E2
inside the fish. Such conversion of testosterone to
estradiol has been demonstrated in the goldfish by Hori
(1979) by injecting massive dose of testosterone into the
fish.
Since part of the absorbed Te was converted to E2,
one would think that Te would have some estrogenic effect
on Te- treated fish. However, from the data of growth
experiments, there was much disparity in the responses to
the two steroids, Te and E2. Prominent among the differences
was the inability of Te to induce vitellogenin production.
This might be due*to the comparatively lower level of E2
attained in the Te treated fish a level so low that it
failed to elicit estrogenic effect. The serum E2 level of
the E2 treated fish could provide a comparison (e.g. 3h.
Te-treated fish: +52% E2-treated fish +852.1%).
Therefore, no observable metabolic effects were evident in
the former. Ng et al. (1984) also showed that the
conversion of exogenous testosterone into estrogen was not
efficient in the red grouper.
Various studies have shown that injection of MT or
Te stimulated thyroid activity in fish (Singh, 1968,1969
Van Overbreek McBride, 1971 Hunt Eales, 1979b). Higgs
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et al. (1977 a,b) and Fagerlund et al. (1980) reported that
oral administration of MT to coho salmon increased the
thyroid follicle height. Serum T level of the Te treated
3
fish was' measured in the present study so as to see if Te
has effect on'thyroid activity. .However, in the present
study, Te was found to have no effect on serum T level.
3
Therefore, the anabolic action of Te might not have been
mediated through the increase in T3 production.
(ii) E2 treated fish
E2 treatment caused an immense elevation of serum
E2 level (3h: +852.1% 6h: +558.5% 12h: +412% 24h:
+1352.4%). This indicated a better absorption of E2 than Te
(% absorption: 0.064 in E2-treated vs 0.022 in Te-treated
fish). The E2 level again rapidly returned to basal level 72
hours after hormone treatment. The rapid decline was
probably due to relatively low intestinal absorption and/or
rapid removal by the liver followed by the excretion in the
bile (Pankhurst et al., 1986).
(iii) T treated fish
3
Serum T level of.the hormone treated fish was elevated
3
6 hours after treatment and then rapidly fell to basal level
72 hours later. In this case, the rate of hormone absorption
through the gut was even lower than that of the steroid
hormones since significantly higher blood T level was only
. 3
observed 6 hours after hormone treatment. The rapid
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rate of hormone clearance..might again be due to low amount
of hormone absorbed (0.526%) and/or rapid removal through
the enterohepatic pathway (Donaldson et al., 1979 Higgs et
al., 1982).
(B) Effect of hormone treatment for 30 days
For all the three groups of fish which have
received the respective hormone treatment for 30 days, their
blood hormone levels were not significantly higher than that
of the control group 24 and 48 hours after the last feeding.
This indicated'• that the rate of hormone. clearance after
prolonged treatment was much faster than in the case of
single hormone treatment. The longer time treatment (30
days) resulted in much faster rate-of hormone decline (less
than 24 hours compared with less than 72 hours in 30 days
treatment) since the homeostatic mechanism of the fish can
probably handle sustained disturbances better than any
sporadic changes (Gorbman et.al., 1983).
(C) Conclusion
The. experimental results showed that the absolute
amount of hormones (Te, E2 and T) absorbed through the gut
3
were very small. The absorption of T was about 10 times
3
more than that of the steroid hormones and Te was the least
absorbed. The low absorption caused less than one fold (in
the case of Te and T -treated fish) to several fold increase
3
(E2-treated) in hormone level. In addition, the rate. of fall
of serum hormone level was very fast (single treatment: less
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than 72 h 30 days treatment: less than 24h). Therefore, if
the hormone-treated fish were to be used for human
consumption, a hormone withdrawal period of several days
duration. could be imposed until the hormone fell to basal
level.
The amount of hormone residue in white muscle of
the fish has attracted more attention since it is the part
of fish that people consume. The degradation rate of serum
hormone levels provides good guidelines for the rate of
hormone degradation in other tissues including the white
muscle since the blood system is in intimate contact with
those tissues. The study by Fagerlund and McBride (1978) on
coho salmon.showed that the plasma hormone level of either
testosterone or MT-treated fish were ten times that of the
white muscle and levels of hormone residue in both tissues
fell to basal level ten days after last hormone feeding.
This suggested that the time taken for the hormone level in
both the white muscle and blood to fall to basal level were
similar. Based on that study (Fagerlund McBride, 1978) and
the faster rate of hormone clearance in the red seabream, it
could be concluded that a hormone withdrawal period of less
than 10 days would be enough if the hormone treated red
seabream were to be provided for human consumption.
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CHAPTER 4 EFFECTS OF DIETARY NUTRIENT LEVELS AND
COMPOSITION ON GROWTH AND METABOLISM OF THE
RED SEABREAM%
4.1 Introduction
Among'all dietary nutrients, protein is considered
to be the most important one because it is a source of amino
acids for growth processes and a source of energy for
various metabolic activities (Bromley, 1980). This 'is
particularly important for carnivorous species such as the
red seabream (Shimeno et al., 1979). Therefore, it is
important to study both the qualitative as well as the
quantitive protein requirements of fish which will lead to
optimal growth. In the present investigation, two levels of
dietary protein (30% and 50%) are studied.
It has been.discovered that fish protein utilizat-
ion can be improved if the dietary lipid or carbohydrate
level is increased (Beamish Meland, 1986). This is because
the portion of protein used for energy production is
replaced by the energy rich compounds such as carbohyrates
and lipids (Steffens, 1981). This protein sparing effect has
been extensively studied in the rainbow trout (Medland
1974
Beamish, 1985 Reinitz, 1983 Takauchi, a,b,c). The protein
sparing effect of either carbohydrates and/or lipids,
however, has not been demonstrated for the red seabream.
Therefore, the effects of dietary carbohydrates (cellulose.
and starch) on growth and protein utilization are
investigated in the present study. Emphasis is also put on
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the different effects between the two different carbonyarate
sources.
Although some studies have shown that red
seabreams are carnivores because they mainly feed on fish
meat, crustaceans and molluscs (Chu et al., 1963 Korringa,
1976), other studies have suggested that the fish also feed
on algae (Chung, unpublished observation) and also possess
high maltase and amylase activities in the gut and liver
(Kawai and Ikeda, 1970). Therefore, the feasibility of using
algae as a cheap protein alternative for the red seabream is
also evaluated.
Fish growth is affected by different dietary
nutrient compositions because they exerted different effects
on fish ,-metabolism. These have been visualized by the
effects of different diets on nutrient utilization (Beamish
Thomas, 1984 Henken, 1986), blood parameters (Hilge,
1979 Alexis, 1986), activities of digestive (Hofer, 1980
Linsay, 1984) and hepatic enzymes (Abel et al., 1979 Jurss,
1981) and ammonia excretion (Lied Braaten, 1984 Beamish
Thomas, 1984). Therefore, the present studyalso aims at
providing information on the actions of different dietary
compositions on general metabolism, thus allowing for the
development of a better management of fish growth and a
more economic use of fish diets.
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4.2 Materials and methods
4.2.1 Experimental animals
(refer to Section 3.2.1)
4.2.2 Experimental conditions
The four experimental groups included a control
group (C) which was fed with a balanced diet while the
other three groups were treated with cellulose rich (CR),
starch rich (SR) and protein rich (PR) diets, respectively.
The dietary composition and nutrient contents of each of the
four diets were given in Table 4.1. The basal diet mixture
consisted of peptone (protein source), dextrin (carbohydrate
source), cellulose and/or starch (polysaccharide source),
vegetable oil (lipid source), minerals mix, vitamins mix,
binder and chromic oxide (an inert indicator for the study
of nutrient digestibilities). Each group consisted of 30
fish and the fish were fed to satiation twice per day for 30
days. For details of tanks and water conditions, please
refer to Section 3.2.2.
4.2.3 Preparation of diets
The diets were prepared by thoroughly mixing
appropriate portions of each dry ingredient with vegetable
oil and then adding minimal amount of water until a stiff
dough resulted. This was then passed through an electric
mincer with a 3-mm die and the resulting sphagetti-like
strings were dried in a forced convection air drier at about
o
40 C. The, strings were then broken up into pellets of
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convenient size (2 mm cube) for the experiment. Samples or
the diets of each group were subjected to proximate analysis
(for methods please refer to section 4.2.6.2) and the
results were presented in Table 4.2.
4.2.4 Growth measurement
Growth rate (in terms of average weight gain and
specific growth rate), appetite (in terms of specific
feeding rate), food conversion efficiency and protein
efficiency ratio of each group were measured as described
previously (Section 3.2.4 and 3.2.5).
4.2.5 Tissue sampling and biochemical analysis
Serum, liver, rinsed intestine and muscle samples
of 6 fish from each group were collected and stored at the
end of feeding period as described previously (Section
3.2.2). The haematocrit values of the blood samples were
determined (Section 3.2.6.2). Levels of serum metabolites
such as total proteins,& -amino acids and glucose (Section
3.2.6), and levels of liver and muscle metabolites such as
water, lipid, proteins,&-amino acids and glycogen (Section
3.2.7) were also. determined. Activities of various enzymes
in gut and liver were selected for study. Liver enzymes
studied included ICDH, LDH, GOT, GPT, G6Pase and FDPase
(method of determination in Section 3.2.8). In intestine,
the anterior intestinal enzymatic activities of total
proteases, & -amylase, &-glutamyltranspeptidase, leucine
nitroanalidase, alkaline phosphatase and cellulase were
determined (Section 3.2.9).
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4.2.6 Studies on`nutrient digestibilities
4 2.6.1 Collection of faeces
After the fish were fed with experimental diets
for 30 days, 6 fish from each group were sacrificed for
biochemical analysis (Section: 3.2.5). The remaining fish
were fed one more time with the respective diets. Two hours
after this feeding, 6 fish from each group were caught and
placed individually into separate tanks. The fish were then
left undisturbed. The tanks were examined carefully every 10
minutes to see if any faeces (green in color because of the
presence of chromic oxide) were excreted. Once faeces were
seen, they were immediately removed by suction using a long
narrow glass tube (diameter 1 cm). The fresh faeces
collected were then filtered under suction to remove excess
sea water.. The faeces retained on filter paper were then
washed several times gently with distilled water so as to
remove traces of seawater which would cause interferences in
0
the assays. The clean faeces were then dried at 30 C in a
0
oven and then stored at -20 C until further analysis.
4.2.6.2 Analysis of nutrients in diet and faeces
Samples of diets and faeces were subjected to the
following analyses:
0
(1) Dry matter Was measured by drying in oven at 105 C.for
24 hours
(2) Total protein were estimated by the modified Lowry
method of Hartr.ee (1972).
(3) Fat was measured by petroleum ether extraction of oven
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dried (105 C) samples
(4) Ash content was determined by ashing samples in an oven
0
at 600 C for 15 hours
(5) Chromic. oxide (Cr 0) was measured photometrically
2 3
according to Birse.(1985)
(6) Energy of the diets was calculated according to the
following
5.65 kcal/g protein 9.45 kcal/g fat 4.1 kcal/g
carbohydrate
4.2.6.3 Calculation of nutrients digestibilities
The digestion coefficient of each nutrient was
calculated as described by Austreng (1978):
nutrient in faeces(%)indicator in feed(%)
100- (100
nutrient in feed(%)indicator in faeces(%
4.2.7 Statistical analysis
Data were presented as mean+ standard error of
mean (SEM). Significance of the result was determined by
Student's t-test.
Table 4.1 Composition of experimental diets
Ingredients g100 g of Diet

















































(1)Mineral mix contains (g150g of mix): calcium hydrogen phosphate
94.01 g, calcium carbonate 20.31 g, magnesium sulphate 12.55 g,
ferrous sulphate 4.00 g, potassium chloride 6.80 g, sodium chloride
11.06 g, aluminium sulphate 0.028 g, zinc sulphate 0.55 g, copper
sulphate 0.136 g, manganese sulphate 0.378 g, sodium iodate 0.0343,
cobalt chloride 0.14 g. (Modified from: Jauncey, 1982)
(2)Vitamin mix contains (g50g of mix): thiamine 0.28 g, riboflavin
0.93 g, pyrdoxine 0.20 g, inositol 7.1 g, folic acid 0.1 g, choline
35.04 g, niacin 2 g, vitamin B12 0.1 g, C 4.05 g, E 0.15 g. (Modified
from Jauncey, 1982)
(3)Binder: sodium carboxymethylcellulose





Table 4.2 Proximate analysis of experimental diets on a moisture free
basis
Components Diet































(1) NFE: nitrogen free extracts, calculated as NFE derived from
dextrin, cellulose and corn starch








The increase in average fish weight over the
experimental period is shown in Fig. 4.1,.whilst the average
specific growth rates (SGR) for each group are presented in
Table 4.3. It is clear that three of the four experimental
diets, namely control diet (C), starch rich diet (SR) and
protein rich diet (PR) resulted in positive weight gain and
positive specific growth rate, i.e. positive growth rate,
while cellulose rich diet (CR) showed negative values in
these two parameters, i.e. negative growth rate. Among the
four diets, PR diet gave the highest values of weight gain
and specific growth rate, followed by SR diet and C diet.
The hepatosomatic index (HSI), viscerosomatic
index (VSI) and intestinal length/body length (IL/BL)' were
unaffected by the 4 diets (Table 4.3).
4.3.2 Protein conversion efficiency
Protein conversion efficiency is expressed as
protein efficiency ratio (PER) and the values of different
diets are shown in Table 4.3. Since the weight gain over
control in CR diet was negative, PER of this group would be
negative and thus was not included in the calculation. The
highest PER value among the other three groups was the SR
diet which was followed by PR diet and then C diet.
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4.3.3 Body composition
The gross body compositions of the fish are
presented in Table 4.4 and they were found to be not much
affected by the changing dietary nutrients levels. Muscle
water, protein and glycogen content of the four groups of
fish were insignificantly different from each other. It was
only the muscle lipid content of fish fed with SR and PR
diets were lowered when compared with the other 2 groups.
Dietary nutrient levels also affected the
composition of fish liver (Table 4.4). Fish fed with SR and
PR diets had lower liver water content but had higher liver
protein content than the other two groups. In addition,
liver glycogen was also found to be lowered in fish with CR
diet. Liver lipid, however, was insignificantly different in
the four groups.
Some of the blood parametersand metabolites were
also influenced by dietary nutrient? levels (Table 4.3.and 4.4). The
haematocrit value, which is a measurement of the proportion
of red blood cells in blood, was significantly lowered in
fish fed with the SR diet. &-amino acids level.. was found to
be lowered in fish with CR and SR diets (Carbohydrate rich
diets), while it was elevated in PR diet when compared with
C. Fish fed with SR diet had highest serum glucose level
among the four groups while fish with PR diet had the
lowest. Serum protein level, however, was unaffected by the
dietary compositions.
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4.3.4 Hepatic enzyme activities
Dietary nutrient: levels were found to have
profound effect on hepatic enzyme activities (Table 4.5). It
is obvious that the'f ish of CR diets possessed the lowest
activities of all the six enzymes assayed, whilst the
highest were all found in fish with PR diet. When compared
with C.diet, activities of ISDH, GOT, GPT and G6Pase in fish
with CR diet were significantly lowered. SR diet showed a
generally lower hepatic enzyme activities than C diet but
only the activity *of G6Pase of the two groups ..showed
significant difference and activity of LDH was elevated.
Fish of PR diet had signifiantly higher activities of GPT
and FDPase than C diet.
4.3.5 Gut enzyme activities
The effects of dietary nutrients levels on some
gut proteases and carbohydrates enzyme activities are shown
in Table 4.6. Total protease activity was depressed in CR
and SR diets, but it was elevated in PR diet when compared
with control. However, &-GT and LAP activities were
unaffected by CR and SR diets and were only enhanced by PR
diet. Alkaline phosphatase activity was found to be only
affected by SR, diet which caused an elevation in its
activity. Finally, &-amylase activity was totally unaffected
by the 4 different diets.
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4.3.7 Nutrient digestibility
The digestibilities of protein, lipid,
carbohydrate and ash in different diets are shown in Table
4.7. Dietary protein and lipid were found to have quite high
digestibilities in all four diets of this fish (mean values:
88.29 and 75.11% respectively). On the other hand,
carbohydrate and ash digestibilities were of much lower
values (mean values: 21.91 and 33.07% respectively). From
Table 4.7, CR diet clearly depressed the dietary protein
and carbohydrate digestibilities as compared with control.
Protein-rich diet, on one hand, elevated the dietary protein
digestibility, but on the other hand, 'depressed the
carbohydrate digestibility. SR diet was found to have no
effects on all the four nutrients digestibility when
compared with control.
































Wt. gain(% 2.07 -0.02 4.18 5.3£
Specific growth
rate(% per day




















(0. 0 6) a
ILBL (3) 0.64








(0. 0 2) a
0.32
(0. 0 2) a
0.30




(1) Hepatosomatic Index= liver wt.body wt. x 100%
(2) Viscerosomatic Index= viscera wt.body wt. x 100%
(3) Length of intestinal lengthstandard boby length
(4) Haematocrit value
P 1'
c-|-gures in each column having the same alphabet are insignificantly
different from each other P 0.05
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Table 4.4 Dietary Effects on Changes in Serum, Liver and Muscle
Metabolite Levels





(0. 16) a(0. 27) a(g/100ml) (0.22)a(0.23)a
14.16 20.7314.83X -amino acids 17.92
(mg/100ml) (0. (0.78)c (0.86)a(0.73)c(0.88)b
Glucose 56.81 41.8255.6445.82
(2.03) c(3.40) ab (3.00) a(mg/100ml) (3.89)bc
LIVER
Water 71.81 70.39 69.6973.92
(1. 10) a (1.22) a (1.01)b(0.95)b




(0.22) a(% WW) (0.40)a(0.52)b (0.16)b
Glycogen 2.88 2.042.41' 1.58
(0--.34) a(g/ l00g (0.17)b (0.36)a(0.64)a
protein)
MUSCLE
water 76.55 77.28 77.14 77.30
(0.57) a (0.71) a (0.37) a (0.46)a
Lipid 7.37 6.63 2.15 3.12
(g/l00g (1.07)a (0.78)a (0.14)c (0.21)b
Protein)
protein 15.77 15.09 16.33 16.37
(% WW) (0.60) a (0.56) a(0.79)a (0.68)a
Glycogen 100.97 83.42. 91.30 70.96
(mg/1008 (4.30) a(11.08) a(18.86)a (8.20)a
Protein)
k) Standard Error
Figures in each row having the same alphabet are insignificantly




Table 4.5 Dietary Effect on Hepatic Enzyme Activities
Diet 1 Diet 2 Diet 3 Diet 4
0.960.660.600.82ISDH (1)
(0.08) a(0.06) ab(0.07)b(0.06)a(U/ug protein)
6.1010.414.347.01LDH (2)
(0.64) a(0.99) b (1.37)b(0.64)b(U/mg protein)
202.77171.10154.02200.06GOT (3)
















One SF unit of glutamate-oxaloacetate transaminase or glutamate-
pyruvate transaminase activity will form 4.82 x 10(-4) u moles
glutamate/minute at pH 7.5 and 20 degree Celcius, accordine to Sigma




Figures in each row having the same alphabet are insignificantly
different from each other P 0.05
u= u mol substrate formed per minutes

















(0. 0 4) b
0.29













































®-GT: -glutamy 1 transpeptidase
UAp: Leucine nitroanilidase
P: Alkaline phosphatase
K= 1t x 2.3 x log(ClC2)
where CI and C2 are initial and final protein concentrations
spectively after t minutes of digestion
= u mol of substrate digested per minute
figures in each row having the same alphabet are insignificantly
different from each other P 0.05
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Table 4.7 Dietary Effects on Nutrients Digestibilities
Diet 1 Diet 2 Diet 3 Diet 4
Protein 88.22 75.40 92.56 96.98
digestibility (0.55) a(2.26)b (4.66)c (1.55)b
( % )
Lipid 78.00 68.25 73..29 80.89
digestibility (3.49) a (2.41) a(3.23)a (3.20)a
( % )
Carbohydrate 26.94 19.54 22.07 19.09
digestibility (2.03)a (1.28)b (1.84)ab (2.52)b
Ash 39.06 30.20 32.20 30.83
digestibility (3.90) a(4.31)a (3.76)a (4.00)a
( % )
() Standard Error
Figures in each column having the same alphabet are insignificantly




















Feeding of red seabream with 4 different diets for 30 days:
Effects on growth (weight change).
C= Control diet, CR= Cellulose rich diet, SR= Starch rich
diet, PR= Protein rich diet
Values= Mean (n= 30)




Four isocal.oric diet groups were set up in the
present study: (i) control diet (C), (ii) cellulose rich
diet (CR), (iii) starch rich diet (SR), and (iv) protein
rich diet (PR). The C. CR and SR diets consisted of equal
amounts of protein( 30%), lipid( 10%) and carbohydrate
50%). These three diets differed-only in the source of
dietary carbohydrates. The carbohydrate source of C diet
contained equal proportions of cellulose (carboxymethyl-
cellulose) and starch (corn starch) (25% each) while CR diet
and SR diets contained cellulose and starch as. the sole
carbohydrate source, respectively. The PR diet contained
approximately 50% of protein, 6% of lipid and 35% of carbo-
hydrate (equal proportion of cellulose and starch). The four
experimental diets were set up to investigate the effects of
different diet nutrient levels (different levels of protein
and carbohydrates) and dietary source of carbohydrates on
the growth and metabolism of fish.
4.4.2 Growth Processes and metabolic activities
Three of the four experimental groups, namely C,
SR and PR diets, resulted in positive growth rates (in terms
of specific growth rate and% weight gain), suggesting that
these three diets at least offered the minimal requirement
for the growth of the red seabream. On the other hand, the
CR diet was unable to support growth of the fish, resulting
in a negative specific growth rate (-0.05%) and negative
weight gain (-0.02%).
Among the four diets, PR diet gave the highest
growth rate, followed by SR diet and C diet. When comparing
the fish fed with PR diet and C diet, the higher growth rate
in. the former group was due to its higher dietary protein
CK%
content (50% vs. 30%), indicating that addict of 30%
protein was not sufficient for the optimal growth of the
fish. Enhancement of growth as a result of higher dietary
protein content has also been observed in other fish species
such as juvenile tilapias (Jauncey, 1982), rainbow trout
(Cho et aJ., 1976), the European eel (Bilio et a_l.,. 1979)
and the Arctic charr (Tabachek, 1986). Fish have higher
protein requirements than mammals because dietary
protein is the source of amino acids for both protein
synthesis and energy for metabolic activities (Shimeno et
al., 1979; Pieper Pfeffer, 1979). A higher protein content
in the diet of red seabream was found to enhance the
activities of total proteases, glutamyl transpeptidase
and leucine nitroanilidase in the gut so that higher protein
digestibility resulted. This therefore explained the
subsequent increase in blood amino acids level. The
increased amount of amino acids would in turn provide more
constituents for protein biosynthesis, as shown by an
increase in hepatic protein content. The excess amino acids
would also be catabolized in the liver to form ammonia (as
shown, by the elevation of activity of glutamate-pyruvate
transaminase in the liver). An elevation of hepatic and
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muscle aminotranspepetidase activity as a result of
increased dietary protein was also observed in the eel (Nose
Arai, 1972), the rainbow trout (Jurss, 1981), and the
channel catfish (Dean et al., 1986). On the other hand,
depression of protease activity occurred when dietary
protein was replaced by dextrin-in the rainbow trout (Abel
et al., 1979). The lower lipid content in the PR diet (6%)
did not seem to have any obvious effect on growth and
metabolism since the energy provided by lipid could be
replaced by protein or carbohydrate-, in the diet.
Carnivorous fish, such as the yellowtail and
perch, have long been assumed to be incapable of digesting
carbohydrates in the diet, and their glucose requirement for
energy production was met by the process of gluconeogenesis
(Fish, 1959 Shimeno et al., 1979). However, in the present
experiment, the red seabream was shown to be able to
maintain growth on a SR diet and the specific growth rate of
this group was almost 100% of that of the C group. This
suggested that the red seabream was not truly carnivorous in
nature and was able to digest and catabolize starch to a
certain extent. In the study by Kawai and Ikeda (1971), the
red seabream'was also found to have considerable amounts of
maltase and amylase in the liver and gut. The glucose and
other monosaccharides produced by starch digestion might be
used for energy supplies for metabolic and biosynthetic
processes, thus sparing more protein for the building up of
the body. musculature. This observation was called the
protein sparing effect. Therefore, although the PR diets
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produced the highest growth rate, it resulted in a lower
protein conversion efficiency than the SR diet because more
protein in the former group had to be utilized for energy
production. The protein sparing effect of carbohydrates has
been extensively demonstrated in the rainbow trout (Lee
Putman, 1973. Cho et al., 1976 Murray et al., 1977
Steffens, 1977 Bromley, .1980 Reinitz, 1983 Medland
Beamish, 1985), the yellowtail (Shimeno et al., 1978,1979),
the Arctic charr (Tabachek, 1986) and the African catfish
(Henken et al., 1986). Through these studies, a ratio of
dietary protein to lipid or carbohydrate could-be estimated
for the optimal growth and protein utilization efficiency of
the rainbow trout (Takauchi, 1978a,b,c), enabling the better
use of dietary nutrients for the fish.
Gut &-amlyase did not show any significant'
increase in activity in the SR diet group but alkaline
phosphatase did show a higher activity than the C and CR
diets. Therefore, higher dietary starch has been selectively
enhanced the gut carbohydrase activities. As a result, the
efficiency of starch digestion remained unaltered( no
change in activity of amylase) but glucose absorption was
enhanced (alkaline phosphatase was responsible for the
Phosphorylation and dephosphorylation of glucose during the
transport. process: from Fraisse et al., 1981). This
explained the increase in glucose concentration in blood of
the fish. Moreover, hepatic lactate dehydrogenase, which is
an important enzyme for glycolysis, was increased in
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activity.. This meant that more glucose would be cataboizea
to pyruvate and provide' substrate for the TCA cycle. On the
other hand, there was a slight but significant decrease in
the activity of the gluconeogenic enzyme, G6Pase, indicating
higher glucose supply from digestive process would depress
the gluconeogenic pathway to certain extent. The negative
correlation of dietary carbohydrate and enzymes of the
gluconeogenic pathway has been amply demonstrated in the
yellowtail (Shimeno et al., 1978,1979).
The CR diet was unable to support growth of the
fish even though the dietary protein content was as high as
30%. This suggested that cellulose could not be used as a
source of nutrient for the fish. It was because the
cellulase activity in the gut was extremely low. The large
amount of cellulose present in the diet hindered gut
digestion and absorption of protein or other. digestible
carbohydrates so that a lesser amount of other nutrients
were absorbed (Fange Grove, 1979). The present study did
show, however, a significant. decrease in protein (-14.5%)
and carbohydrate digestibility (-27.5%) in the CR diet group
as compared with the, C diet group. In addition, the activity
of gut total proteases has been lowered and the amount of
amino acids absorbed into the vascular system decreased.
Besides, several hepatic enzymes showed a general trend of
decrease in activities. This included the depression.of the
activities of enzymes in the TCA cycle (ICDH), in glycolysis
(LDH), amino acid metabolism (GOT and GPT) and gluconeogenic
pathway (G6Pase). Therefore, CR diet was found to be totally
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incapable of supporting the growth of fish because it caused
a drastic decrease in nutrients absorption and activities of
anabolic enzymes.
Herbivorous fish species have been shown to have
longer gut.s than the carnivorous species because more time
is needed to digest plant than animal material (Al-
Hussanini, 1949 Hsu & Wu, 1979). However, the study of the
induction of the gut length by the CR diet was unsuccessful
in the present study. It was because the.dietary cellulose
was totally undigested by the fish and the time of study was
too short to have any appreciable effects on gut elongation.
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4.5 Evaluation of using algae as an alternative protein
source for the red sea bream
4.5.1 Experimental animals and experimental conditions
Red sea breams, with an approximate weight of 2.00
g, were used in the experiment.. They were divided into two
groups, each with 20 fish. The first group was fed with a
minced fish meat diet while the second group was fed on a
algae+ minced fish diet (50% W/W). The macroalgae used was
an Enteromorpha spp. The biochemical contents of the minced
fish meat and the macroalgae have been analysed and were
listed in Table 4.8. Both groups of fish were fed to
satiation twice per day.
The volume of the tank used was 500 litres. Other
experimental details were the same as stated in section
3.2.2 except the time of the year was April to May.
Individual weights of the fish were recorded at
the beginning of the experiment (time 0). The fish were
reweighed after 12 (time 12) and 24 days (time 24). In
addition, 6 fish from each group were sacrificed at the end
of the experiments for the determination of muscle
biochemical composition and gut cellulase activity,_
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4.5.2 Results
It was found that the fish group fed with fish
meat had a higher average weight gain and specific growth
rate than the algae+ meat group (Table 4.9)-. In the first
twelve days, the average weight gain of the former group was
+19.83% higher than the latter, but the difference increased
to +46.60% from 12 to 24 days, with an average weight gain
of +36.59% over the 24-day period. The specific growth rate
of the fish meat diet group was' +41.39% of that of the algae
+ meat diet group (Table 4.9 and Fig 4.2). The food
conversion efficiency and protein efficiency ratio of the
former group was also'+95.12% and +29.43%, respectively,
higher than the latter group.
The two diets did not affect the muscle composition of
the fish (Table 4.10). There was no significant change in
muscle water, lipid, protein and glycogen content. The gut
cellulase activity of the two groups were both negligible
and no significant difference in activity could be seen.
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4.5.3 Discussion
Since the red seabream has been shown to feed on a
large variety of food such as molluscs, crustaceans
(Korringa, 1976) fish meat, commercial pellets and even
seeweeds (Chung, unpublished observation), it is a good
experimental object for the study of the effects of an
alternative protein source on the growth and metabolism of
the fish. An macroalgae, Enteromorpha species, was chosen in
this study because it is a cheap plant protein and it is
easily available.
Throughout the 24-day period of study, the fish
meat group. had higher average weight gain and specific
growth rate than the algae+ meat group. The difference in
average weight gain was more prominent from 12 to 24 days
than from 0 to 12 days (12-24: +46.60% 0-12: 19.83%).
This indicated that the effect of dietary protein source on
growth rate was more obvious with time. Although both diets
contained equal amounts of protein per unit mass (since%
protein in algae and fish meat are almost the same per unit
mass), the food conversion efficiency and protein efficiency
ratio of the fish.meat diet was higher than that of algae-
meat diet. It was because the fish did not possess
sufficient amount of gut cellulase to break down the
cellulose cell wall (trace amounts cellulse activity) so as
to obtain the plant protein. Besides, the presence of algae
may hinder the digestion of the fish meat protein so that
less amounts of amino acids were absorbed (Fange Grove,
1979). The activity of gut cellulase was also found to be
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non-inducible after 24 days or treatment. Therefore the
fish was unable to utilize cellulose or algae as a source of
food. Therefore, the use of plants as a source of protein
might only be successful if only the cellulose cell wall was
removed.
Muscle constitutes a rather stable pool of
metabolites and the two diets were found to have no effect
on the muscle composition within the experimental period.
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gain (g.) (0-12 days)
3.975.82Average weight
gain (g) (12-24 days)
6.348.66Average weight











Table 4.10 Effect of Algae as Alternative Protein Source: Changes in











(0.01) aeq/g tissue) (0..01)a
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Cellulase neglibiblenegligible
activityactivitya t (s) (1)
() Standard Error
Figures in each row having the same alpharbet are insignificantly
different from each other P 0.05
























4.2 Feeding of red seabream with two different diets for 24 days:
Effects on growth (weight change).
Fish= Fish meat diet
Fish+ algae= Fish meat+ algae Enteromorpha diet (50% WW)
Values= Mean (n= 20)
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CHAPTER 5 GENERAL CONCLUSION
Among the three hormones studiea, 're was ruuiuu w uqZ__
most effective in enhancing. growth of the red seabream.
After 30 days of treatment, the specific weight increment of
the hormone treated fish was +90% of that of control. The
anabolic effects of this hormone could be explained by the
increase in appetite, feed and protein conversion
efficiency, and a general elevation of protein, carbohydrate
and lipid metabolism of the fish. There was an increase in
the gut enzymatic activities of &-glutamyltranspeptidase,*
leucine aminopeptidase and alkaline phosphatase, -all of
which indicated better protein/carbohydrate digestibilities
and absorption had occurred. Under the influence of Te,
there were increased production of energy and reducing power
in the form of NADPH, which enhanced the biosynthesis of
protein, carbohydrate and lipid, through the induction of
the activities of hepatic enzymes such as ICDH, GPT, FDPase
and G6Pase.
The amount of Te absorbed through the gut was very
low (0.022%) and part of it (0.010%) has been converted to
E2. After the. application of a dose high enough to cause
anabolism• in fish (3 ppm for' 30 days), the blood Te level
fell to basal level in less than 24 hours. Therefore,
testosterone could safely be'used as a growth promoter in
the red seabream when a hormone withdrawl period was-
applied-before the fish were used for human consumption.
E2 was found to have a small growth retarding effect on
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the red seabream (specific weight increment 'z VV=.L
control), though the hormone has slightly enhanced the
appetite, food and protein conversion efficiency of the
fish.
E2 enhanced hepatic protein synthesis especially that
of the yolk precusor protein, vitellogenin. Metabolic
changes associated with vitellogenesis included elevation of
the concentration of serum calcium, total lipid, cholesterol
and amino acids. Activity of hepatic ICDH was also enhanced
so that more reducing power, NADPH was provided for
vitellogenin synthesis.
E2 has no effect on the activities of most of the gut
enzymes except that leucine nitroanilidase activity was
enhanced.- This suggested that better protein digestion and
absorption had occurred.
The absorption of E2 through the gut was again very low
and the time taken for the blood hormone level to return to
basal level was less than 24 hours (3 ppm hormone was
applied for 30 days).
T was also effective in enhancing the growth of red
3
seabream (specific weight increment: +75%). The anabolic
actions could be explained by the elevation in appetite,
food and protein conversion efficiency of the hormone
treated fish. Among these three factors, appetite was the
most important one. In addition, exogenous T enhanced the
3
activities of some gut digestive enzymes such as leucine
nitroanilidase, & -amylase and alkaline phosphatase,
suggesting higher digestion and absorption of protein and
carbohydrate. Higher hepatic G-6-PH and ICDH activities also
%
indicated that more reducing power and energy were produced
for lipid and protein biosynthesis. The increase in
activities of some enzymes in the liver such as FDPase and
G6Pase suggested an enhancement of the gluconeogenic
pathway. T, however, did not have significant effects on
3
lipid metabolism.
Once again, only a small percentage of T was
3
absorbed through the gut and the time taken for the blood T
3
level to return to basal level was less than 24 h.
The data obtained from the present dietary
experiments showed that the red seabream was not truly
carnivorous in nature as stated by Korringa (1976). Red
seabream were found to feed on algae in addition to fish
meat and shrimps (Chung, unpublished observation) and
possessed high activities of maltase and amylase in gut and
liver (Kawai Ikeda, 1971). Although a high protein diet
resulted in higher growth increments, the animals were able
to maintain good growth on a starch rich diet (specific
weight gain: +100% over control diet). Presumably, the
higher percentage of starch in the diet spared more protein
for the growth process. Therefore, fish fed a SR diet showed
a better protein conversion efficiency than those on a PR
diet (+23% over PR diet). The ability of the fish to utilize
higher amounts of carbohydrates in the diet could be
explained by the increase in activities of gut alkaline
phosphatase and hepatic lactate dehydrogenase.
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The fish was unable to digest cellulose so that
cellulose could not be utilized as a source of carbohydrates
(negative growth on CR diet). The fish fed with an algae+
meat diet also had a lower growth rate than the fish fed
with a meat diet because the red seabream could not digest
the cellulose cell wall of the algae so as to obtain the
algal protein. The poor cellulose digestibility could be
explained by the low activity and non-inducibility of
gut cellulase.
The present study substantiated that several
hormones could be potentially used to enhance growth in red
.seabream culture. The most commonly used hormone in other
fish culture practice, namely testosterone, was confirmed to
be very. effective in enhancing the growth of the red
seabream (effective as low as 3 ppm in diet). The use of
testosterone was found to be more economical than using T
3
in red seabream culture. It was because the same dose of
testosterone (3 ppm) was more effective in enhancing growth
than the same dose of T. Besides, the former hormone
. 3
induced growth mainly through increase in food and protein
conversion efficiency while the-latter caused an induction
in appetite. Such findings might not be true for other fish
species and have to be verified.
Instead of using protein as the sole source for
growth components and energy production, other components
could be used in the red seabream diet. The efficient
utilization of starch by the fish have already been
demonstrated. The replacement of a part of the expensive
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protein by other cheaper components such as starcn couia
minimise expenditure if this is carried out by fish
culturists. This proposed practice has been evaluated and
carried out by many fish culturists for some economically
important fish.species such as the salmon-ids (Bromley, 1980
Reinitz, 1983 Medland Beamish, 1985). However, the use of
a very cheap plant protein, algae, was found to be totally
inadequate to support the growth in the red seabream due to
the absence of cellulase enzymes.
From the results of the present study, it is hoped.
that the practice of using exogenous hormones and devising
different dietary compositions could be encouraged, since
both methods were potentially effective in enhancing growth
of the red seabream. Such cultural practices will minimise
expenditure and shorten.the rearing period, thus leading to
an overall improvement of the mariculture industry.
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